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FOREWORD 


The  National  Toxicology  Program  (NTP)  is  made  up  of  four  charter  agencies  of  the  U.S.  Department 
of  Health  and  Human  Services  (DHHS):  the  National  Cancer  Institute  (NCI),  National  Institutes  of 
Health;  the  National  Institute  of  Environmental  Health  Sciences  (NIEHS),  National  Institutes  of 
Health;  the  National  Center  for  Toxicological  Research  (NCTR),  Food  and  Drug  Administration;  and 
the  National  Institute  for  Occupational  Safety  and  Health  (NIOSH),  Centers  for  Disease  Control.  In 
July  1981,  the  Carcinogenesis  Bioassay  Testing  Program,  NCI,  was  transferred  to  the  NIEHS.  The 
NTP  coordinates  the  relevant  programs,  staff,  and  resources  from  these  Public  Health  Service  agen- 
cies relating  to  basic  and  applied  research  and  to  biological  assay  development  and  validation. 

The  NTP  develops,  evaluates,  and  disseminates  scientific  information  about  potentially  toxic  and 
hazardous  chemicals.  This  knowledge  is  used  for  protecting  the  health  of  the  American  people  and  for 
the  primary  prevention  of  disease. 

The  studies  described  in  this  Technical  Report  were  performed  under  the  direction  of  the  NIEHS  and 
were  conducted  in  compliance  with  NTP  chemical  health  and  safety  requirements  and  must  meet  or 
exceed  all  applicable  Federal,  state,  and  local  health  and  safety  regulations.  Animal  care  and  use 
were  in  accordance  with  the  Public  Health  Service  Policy  on  Humane  Care  and  Use  of  Animals.  All 
NTP  toxicology  and  carcinogenesis  studies  are  subjected  to  a comprehensive  audit  before  being  pre- 
sented for  public  review.  This  Technical  Report  has  been  reviewed  and  approved  by  the  NTP  Board  of 
Scientific  Counselors’  Peer  Review  Panel  in  public  session;  the  interpretations  described  herein  rep- 
resent the  official  scientific  position  of  the  NTP. 

These  studies  are  designed  and  conducted  to  characterize  and  evaluate  the  toxicologic  potential,  in- 
cluding carcinogenic  activity,  of  selected  chemicals  in  laboratory  animals  (usually  two  species,  rats 
and  mice).  Chemicals  selected  for  NTP  toxicology  and  carcinogenesis  studies  are  chosen  primarily  on 
the  bases  of  human  exposure,  level  of  production,  and  chemical  structure.  Selection  per  se  is  not  an 
indicator  of  a chemical’s  carcinogenic  potential. 

Anyone  who  is  aware  of  related  ongoing  or  published  studies  not  mentioned  in  this  report,  or  of  any 
errors  in  this  report,  is  encouraged  to  make  this  information  known  to  the  NTP.  Comments  and  ques- 
tions about  these  Technical  Reports  on  Toxicology  and  Carcinogenesis  Studies  should  be  directed  to 
Dr.  J.E.  Huff,  NIEHS,  P.O.  Box  12233,  Research  Triangle  Park,  NC  27709  (919-541-5722). 

These  NTP  Technical  Reports  are  available  for  sale  from  the  National  Technical  Information  Service, 
U.S.  Department  of  Commerce,  5285  Port  Royal  Road,  Springfield,  VA  22161  (703-487-4650).  A list- 
ing of  printed  NTP  Technical  Reports  appears  on  the  inside  back  cover.  Single  copies  of  this  Tech- 
nical Report  are  available  without  charge  while  supplies  last  from  the  NTP  Public  Information  Office, 
NIEHS,  P.O.  Box  12233,  Research  Triangle  Park,  NC  27709  (919-541-3991). 
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NH2  • HCI 


Cl 

p-CHLOROANILINE  HYDROCHLORIDE 

CAS  No.  20265-96-7 

CgHgNCNHCl  Molecular  weight  164.1 

Synonyms:  l-amino-4-chlorobenzene  hydrochloride;  4-chlorophenylamine  hydrochloride; 
4-chlorobenzenamine  hydrochloride 


ABSTRACT 

p-Chloroaniline  has  a large  production  volume  and  is  used  as  a dye  intermediate.  Toxicology  and  car- 
cinogenesis studies  of  p-chloroaniline  (greater  than  99%  pure)  were  conducted  by  administering  p- 
chloroaniline  hydrochloride  in  water  by  gavage  to  groups  of  F344/N  rats  and  B6C3F i mice  of  each  sex 
for  16  days,  13  weeks,  or  2 years.  Vehicle  controls  were  given  deionized  water  by  gavage.  All  doses 
were  calculated  as  p-chloroaniline;  the  chemical  was  administered  as  the  hydrochloride  after  dissolu- 
tion in  water  containing  molar  equivalents  of  hydrochloric  acid.  Genetic  toxicology  studies  were  con- 
ducted in  Salmonella  typhimurium,  mouse  L5178Y  lymphoma  cells,  and  Chinese  hamster  ovary 
(CHO)  cells.  Hematologic  parameters  were  measured  at  the  end  of  the  13-week  studies  and  at  6,  12, 
18,  and  24  months  in  the  2-year  studies.  Supplemental  studies  of  the  distribution  and  disposition  of  p- 
chloroaniline  were  conducted  in  male  F344  rats. 

Sixteen-Day  and  Thirteen-Week  Studies:  In  the  16-day  studies,  male  and  female  rats  and  mice  re- 
ceived 25,  50,  100,  200,  or  400  mg/kg  of  body  weight.  The  vehicle  controls  received  deionized  water. 
All  rats  and  mice  that  received  200  or  400  mg/kg  died  during  the  First  6 days  of  the  studies.  Some 
deaths  occurred  in  each  of  the  lower  dose  groups  of  mice.  Splenic  enlargement  was  observed  at  nec- 
ropsy in  rats  administered  25,  50,  or  100  mg/kg.  Congestion  of  the  spleen  and  hemosiderin  deposition 
in  the  renal  cortical  tubular  epithelial  cells  were  observed  at  100  mg/kg  in  male  and  female  rats. 
Compound-related  lesions  in  mice  included  hemosiderosis  of  the  liver  Kupffer  cells  and  congestion  of 
the  spleen. 

In  the  13-week  studies,  10  rats  of  each  sex  were  administered  doses  of  0,  5,  10,  20,  40,  or  80  mg/kg.  All 
male  rats  lived  to  the  end  of  the  13-week  studies.  One  of  10  female  rats  that  received  80  mg/kg  died 
from  unknown  causes.  The  final  mean  body  weights  of  rats  that  received  80  mg/kg  were  16%  lower 
than  that  of  vehicle  controls  for  males  and  4%  lower  for  females.  In  the  13-week  studies  in  mice,  10 
animals  of  each  sex  were  administered  doses  of  0,  7.5,  15,  30,  60,  or  120  mg/kg.  Deaths  in  mice  were 
not  related  to  p-chloroaniline  hydrochloride  administration.  The  final  mean  body  weights  of  dosed 
and  vehicle  control  mice  were  similar.  In  both  rats  and  mice,  no  chemically  related  effects  on  organ 
weights  were  observed  at  necropsy,  except  for  the  spleen,  which  was  enlarged  as  a function  of  increas- 
ing dose.  Methemoglobin  was  increased  in  dosed  groups  and  resulted  in  a secondary  anemia,  the  se- 
verity of  which  was  dose  related.  Compound-related  lesions  observed  histologically,  including  pig- 
mentation (hemosiderin)  in  the  kidney,  spleen,  and  liver  and  hematopoiesis  in  the  liver  and  spleen, 
reflected  the  response  to  the  hemolytic  anemia  and  methemoglobinemia  induced  by  p-chloroaniline 
hydrochloride. 
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Based  on  these  results,  groups  of  50  rats  of  each  sex  were  administered  2,  6,  or  18  mg/kg  p-chloro- 
aniline  hydrochloride  in  water  by  gavage,  5 days  per  week  for  103  weeks.  Groups  of  50  mice  of  each 
sex  were  administered  3,  10,  or  30  mg/kg  on  the  same  schedule. 

Metabolism  and  Disposition  Studies  in  Rats:  The  metabolism  and  disposition  studies  in  F344/N  rats 
showed  that  metabolic  and  excretory  pathways  were  not  saturated  by  p-chloroaniline  administered 
orally  at  doses  ranging  from  0.3  to  30  mg/kg.  p-Chloroaniline  was  rapidly  metabolized  and  excreted 
primarily  in  urine  with  a half-life  of  approximately  2 hours. 

Body  Weight  and  Survival  in  the  T wo  -Y ear  Studies : Mean  body  weights  of  dosed  rats  were  generally 
within  5%  of  those  of  vehicle  controls  throughout  the  studies.  The  survival  of  the  low  and  mid  dose 
groups  of  male  rats  and  of  the  low  and  high  dose  groups  of  female  rats  was  significantly  greater  than 
that  of  the  vehicle  controls  (male:  vehicle  control,  18/49;  low  dose,  32/50;  mid  dose,  32/50;  high  dose, 
21/50;  female:  27/50;  39/50;  36/50;  37/50).  The  increased  survival  was  attributed  to  the  decreased  in- 
cidences of  mononuclear  cell  leukemia.  Mean  body  weights  of  high  dose  male  and  female  mice  were 
generally  within  5%  of  those  of  vehicle  controls  throughout  the  studies.  The  survival  of  the  mid  dose 
group  of  male  mice  was  lower  than  that  of  the  vehicle  controls  after  week  99  (male:  43/50;  36/50; 
29/50;  35/50;  female:  39/50;  42/50;  44/50;  41/50). 

Nonneoplastie  and  Neoplastic  Effects  in  the  T wo-Year  Studies:  F'ibrosis  of  the  spleen  was  increased  in 
dosed  male  and  high  dose  female  rats  (male:  vehicle  control,  3/49;  low  dose,  11/50;  mid  dose,  12/50; 
high  dose,  41/50;  female:  1/50;  2/50;  3/50;  42/50).  Cellular  infiltration  of  lipocytes  (fatty  metaplasia) 
was  observed  in  the  spleen  at  increased  incidences  in  high  dose  rats  (male:  0/49;  0/50;  0/50;  24/50;  fe- 
male: 0/50;  0/50;  0/50;  11/50).  The  incidence  of  uncommon  sarcomas  of  the  spleen  in  high  dose  male 
rats  was  significantly  greater  than  that  in  the  vehicle  controls  (fibrosarcomas,  osteosarcomas,  or  he- 
mangiosarcomas,  combined:  0/49;  1/50;  3/50;  38/50).  Many  of  these  tumors  metastasized  to  one  or 
more  sites.  In  female  rats,  one  fibrosarcoma  of  the  spleen  was  found  in  a mid  dose  animal,  and  one  os- 
teosarcoma of  the  spleen  was  found  in  a high  dose  animal.  The  historical  incidence  of  splenic  con- 
nective tissue  sarcomas  (all  types)  in  water  gavage  vehicle  controls  is  1/298  (0.3%)  for  male  rats  and 
0/297  for  female  rats.  The  historical  incidence  of  hemangiosarcomas  in  water  gavage  controls  is  0/300 
for  male  rats  and  1/297  (0.3%)  for  female  rats. 

Adrenal  medullary  hyperplasia  was  observed  at  an  increased  incidence  in  high  dose  female  rats  (4/50; 
4/50;  7/50;  24/50).  Marginally  increased  incidences  of  pheochromocytomas  were  seen  in  high  dose 
male  (13/49;  14/48;  15/48;  26/49)  and  female  (2/50;  3/50;  1/50;  6/50)  rats.  The  historical  incidence  of 
pheochromocytomas  in  water  gavage  vehicle  control  male  F344/N  rats  is  121/299  (40%  ± 16%);  the 
historical  incidence  in  water  gavage  vehicle  control  female  F344/N  rats  is  20/295  (7%  ± 2%). 

The  incidences  of  mononuclear  cell  leukemia  in  dosed  male  and  female  rats  were  lower  than  those  in 
vehicle  controls  (male:  21/49;  3/50;  2/50;  3/50;  female:  10/50;  2/50;  1/50;  1/50).  The  incidences  of 
malignant  lymphomas  in  dosed  male  and  female  mice  were  lower  than  those  in  vehicle  controls 
(male:  10/50;  3/49;  9/50;  3/50;  female:  19/50;  12/50;  5/50;  10/50). 

Hematologic  and  methemoglobin  measurements  were  made  on  blood  samples  collected  from  15  ran- 
domly selected  male  and  female  rats  per  dose  group  at  6,  12,  18,  and  24  months.  In  general,  the  high 
dose  group  at  various  intervals  showed  mild  hemolytic  anemia  and  dose-related  increases  in 
methemoglobin. 

In  rats,  compound-related  nonneoplastie  lesions  were  seen  histopathologically  in  the  bone  marrow, 
spleen,  and  liver.  These  lesions  included  bone  marrow  hyperplasia,  hepatic  hemosiderosis,  and 
splenic  fibrosis  and  suggest  compound-related  effects  on  the  hematopoietic  system  in  general,  the 
erythropoietic  system  specifically,  and  mesenchymal  cells  in  the  spleen. 
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In  male  mice,  the  incidence  of  hemangiosarcomas  of  the  liver  or  spleen  in  high  dose  male  mice  was 
greater  than  that  in  the  vehicle  controls  (4/50;  4/49;  1/50;  10/50).  The  historical  incidence  of  heman- 
giomas or  hemangiosarcomas  at  all  sites  (combined)  in  water  gavage  vehicle  control  male  B6C3Fi 
mice  is  11/350(3%  ± 3%). 

The  incidences  of  hepatocellular  adenomas  or  carcinomas  (combined)  were  increased  in  dosed  male 
mice  (11/50;  21/49;  20/50;  21/50),  primarily  due  to  increased  incidences  of  hepatocellular  carcinomas 
(3/50;  7/49;  11/50;  17/50).  Hepatocellular  carcinomas  metastasized  to  the  lung  in  1/50  vehicle  control, 
1/49  low  dose,  2/50  mid  dose,  and  9/50  high  dose  male  mice.  The  historical  incidence  of  hepatocellular 
neoplasms  in  water  gavage  vehicle  controls  is  106/347  (31%  ± 6%). 

Genetic  Toxicology:  p-Chloroaniline  was  mutagenic  in  S.  typhimurium  strains  TA98  and  TA100  in 
the  presence  of  exogenous  metabolic  activation;  no  increase  in  revertant  colonies  was  observed  in 
strains  TA97,  TA1535,  or  TA1537.  p-Chloroaniline  induced  trifluorothymidine  (Tft)  resistance  in 
mouse  L5178Y  lymphoma  cells  with  and  without  metabolic  activation.  In  cultured  CHO  cells,  treat- 
ment with  p-chloroaniline  produced  significant  increases  in  sister  chromatid  exchanges  (SCEs)  both 
with  and  without  metabolic  activation  (S9);  chromosomal  aberrations  were  significantly  increased 
only  in  the  presence  of  S9. 

Audit : The  data,  documents,  and  pathology  materials  from  the  2-year  studies  of  p-chloroaniline  have 
been  audited.  The  audit  findings  show  that  the  conduct  of  the  studies  is  documented  adequately  and 
support  the  data  and  results  given  in  this  Technical  Report. 

Conclusions:  Under  the  conditions  of  these  2-year  water  gavage  studies,  there  was  clear  evidence  of 
carcinogenic  activity*  of  p-chloroaniline  hydrochloride  for  male  F344/N  rats,  as  indicated  by  increased 
incidences  of  uncommon  sarcomas  of  the  spleen.  Pheochromocytomas  of  the  adrenal  gland  may  also 
have  been  associated  with  chemical  administration.  There  was  equivocal  evidence  of  carcinogenic  ac- 
tivity of  p-chloroaniline  hydrochloride  for  female  F344/N  rats,  as  indicated  by  the  presence  of  uncom- 
mon sarcomas  of  the  spleen  in  one  mid  and  one  high  dose  animal  and  the  increased  incidence  of  pheo- 
chromocytomas of  the  adrenal  gland.  There  was  some  evidence  of  carcinogenic  activity  of  p-chloro- 
aniline  hydrochloride  for  male  B6C3Fi  mice,  as  indicated  by  increased  incidences  of  hepatocellular 
neoplasms  and  of  hemangiosarcomas  of  the  liver  or  spleen.  There  was  no  evidence  of  carcinogenic  ac- 
tivity of  p-chloroaniline  hydrochloride  for  female  B6C3F  i mice  administered  3,  10,  or  30  mg/kg  by  ga- 
vage for  2 years. 

The  incidences  of  mononuclear  cell  leukemia  in  male  and  female  rats  and  of  malignant  lymphomas  in 
male  and  female  mice  were  decreased  by  administration  of  p-chloroaniline  hydrochloride.  Com- 
pound-related splenic  fibrosis  was  present  in  male  and  female  rats. 


*Explanation  of  Levels  of  Evidence  of  Carcinogenic  Activity  is  on  page  7. 

A summary  of  the  Peer  Review  comments  and  the  public  discussion  on  this  Technical  Report  appears  on  page  10. 
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SUMMARY  OF  THE  TWO-YEAR  GAVAGE  STUDIES  OF  p-CH  LORO  ANILINE  HYDROCHLORIDE  AND 
GENETIC  TOXICOLOGY  STUDIES  OF  p-CH  LORO  ANILINE 


Male  F344/N  Rats 

Female  F344/N  Rats 

Male  B6C3F,  Mice 

Female  B6C3F,  Mice 

Doses 

2, 6,  or  18  mg/kg p-chloroani- 
line  in  acidified  water,  5 d/wk; 
vehicle  controls  received 
deionized  water 

2, 6,  or  18  mg/kg  p-chloroani- 
line  in  acidified  water,  5 d/wk; 
vehicle  controls  received 
deionized  water 

3,  1 0,  or  30  mg/kg  p-chloro- 
aniline  in  acidified  water, 

5 d/wk;  vehicle  controls 
received  deionized  water 

3, 10,  or  30  mg/kg  p-chloro- 
aniline  in  acidified  water, 

5 d/wk;  vehicle  controls 
received  deionized  water 

Body  weights  in  the  2-year  study 

Dosed  groups  within  5%  of  Dosed  groups  within  5%  of 

vehicle  controls  vehicle  controls 

Dosed  groups  within  5% 
of  vehicle  controls 

Dosed  groups  within  5% 
of  vehicle  controls 

Survival  rates  in  the  2-year  study 

18/49;  32/50;  32/50;  21/50  27/50;  39/50;  36/50;  37/50 

43/50;  36/50;  29/50;  35/50 

39/50;  42/50;  44/50;  41/50 

Nonneoplastic  effects 
Fibrosis  of  the  spleen  (3/49; 
11/50;  12/50;  41/50) 

Fibrosis  of  the  spleen  (1/50; 
2/50;  3/50;  42/50) 

Neoplastic  effects 
Sarcomas  of  the  spleen 
(0/49;  1/50;  3/50;  38/50); 
pheochromocytomas  of  the 
adrenal  gland  (13/49;  14/48; 
15/48;  26/49) 

Sarcomas  of  the  spleen 
(0/50;  0/50;  1/50;  1/50); 
pheochromocytomas  of  the 
adrenal  gland  (2/50;  3/50; 
1/50;  6/50) 

Hepatocellular  adenomas 
or  carcinomas  (combined) 
(11/50;  21/49;  20/50;  21/50); 
hemangiosarcomas  (4/50; 
4/49;  1/50;  10/50) 

None 

Level  of  evidence  of  carcinogenic  activity 

Clear  evidence  Equivocal  evidence 

Some  evidence 

No  evidence 

Other  considerations 

Decreased  incidences 
of  leukemia  (21/49;  3/50; 
2/50;  3/50) 

Decreased  incidences 
of  leukemia  (10/50;  2/50; 
1/50;  1/50) 

Decreased  incidences 
of  lymphomas  ( 1 0/50;  3/49; 
9/50;  3/50) 

Decreased  incidences 
of  lymphomas  ( 1 9/50; 
12/50;  5/50;  10/50) 

Genetic  toxicology 

Salmonella 

Mouse  L5178Y/TK+/" 

CHO  Cells  in  Vitro 

(gene  mutation) 

(Tft  resistance) 

SCE 

Aberration 

Positive  with  S9; 
negative  without  S9; 

Positive  with  and  without  S9 

Positive  with 
and  without  S9 

Positive  with  S9; 
negative  without  S9 
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EXPLANATION  OF  LEVELS  OF  EVIDENCE  OF  CARCINOGENIC  ACTIVITY 


The  National  Toxicology  Program  describes  the  results  of  individual  experiments  on  a chemical  agent  and  notes  the  strength  of 
the  evidence  for  conclusions  regarding  each  study.  Negative  results,  in  which  the  study  animals  do  not  have  a greater  incidence 
of  neoplasia  than  control  animals,  do  not  necessarily  mean  that  a chemical  is  not  a carcinogen,  inasmuch  as  the  experiments  are 
conducted  under  a limited  set  of  conditions.  Positive  results  demonstrate  that  a chemical  is  carcinogenic  for  laboratory  animals 
under  the  conditions  of  the  study  and  indicate  that  exposure  to  the  chemical  has  the  potential  for  hazard  to  humans.  Other 
organizations,  such  as  the  International  Agency  for  Research  on  Cancer,  assign  a strength  of  evidence  for  conclusions  based  on 
an  examination  of  all  available  evidence  including:  animal  studies  such  as  those  conducted  by  the  NTP,  epidemiologic  studies, 
and  estimates  of  exposure.  Thus,  the  actual  determination  of  risk  to  humans  from  chemicals  found  to  be  carcinogenic  in  labora- 
tory animals  requires  a wider  analysis  that  extends  beyond  the  purview  of  these  studies. 

Five  categories  of  evidence  of  carcinogenic  activity  are  used  in  the  Technical  Report  series  to  summarize  the  strength  of  the  evi- 
dence observed  in  each  experiment:  two  categories  for  positive  results  ("Clear  Evidence”  and  "Some  Evidence”);  one  category 
for  uncertain  findings  ("Equivocal  Evidence”);  one  category  for  no  observable  effects  ("No  Evidence”);  and  one  category  for  ex- 
periments that  because  of  major  flaws  cannot  be  evaluated  ( "Inadequate  Study”).  These  categories  of  interpretative  conclusions 
were  first  adopted  in  June  1983  and  then  revised  in  March  1986  for  use  in  the  Technical  Reports  series  to  incorporate  more 
specifically  the  concept  of  actual  weight  of  evidence  of  carcinogenic  activity.  For  each  separate  experiment  (male  rats,  female 
rats,  male  mice,  female  mice),  one  of  the  following  quintet  is  selected  to  describe  the  findings.  These  categories  refer  to  the 
strength  of  the  experimental  evidence  and  not  to  either  potency  or  mechanism. 

• Clear  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a dose-related 
(i)  increase  of  malignant  neoplasms,  (ii)  increase  of  a combination  of  malignant  and  benign  neoplasms,  or  (iii)  marked 
increase  of  benign  neoplasms  if  there  is  an  indication  from  this  or  other  studies  of  the  ability  of  such  tumors  to  progress 
to  malignancy. 

• Some  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a chemically 
related  increased  incidence  of  neoplasms  (malignant,  benign,  or  combined)  in  which  the  strength  of  the  response  is  less 
than  that  required  for  clear  evidence. 

• Equivocal  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  a mar- 
ginal increase  of  neoplasms  that  may  be  chemically  related. 

• No  Evidence  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  are  interpreted  as  showing  no  chemically  re- 
lated increases  in  malignant  or  benign  neoplasms. 

• Inadequate  Study  of  Carcinogenic  Activity  is  demonstrated  by  studies  that  because  of  major  qualitative  or  quanti- 
tative limitations  cannot  be  interpreted  as  valid  for  showing  either  the  presence  or  absence  of  carcinogenic  activity. 

When  a conclusion  statement  for  a particular  experiment  is  selected,  consideration  must  be  given  to  key  factors  that  would  ex- 
tend the  actual  boundary  of  an  individual  category  of  evidence.  This  should  allow  for  incorporation  of  scientific  experience  and 
current  understanding  of  long-term  carcinogenesis  studies  in  laboratory  animals,  especially  for  those  evaluations  that  may  be 
on  the  borderline  between  two  adjacent  levels.  These  considerations  should  include: 

• The  adequacy  of  the  experimental  design  and  conduct; 

• Occurrence  of  common  versus  uncommon  neoplasia; 

• Progression  (or  lack  thereof)  from  benign  to  malignant  neoplasia  as  well  as  from  preneoplastic  to  neoplastic  lesions; 

• Some  benign  neoplasms  have  the  capacity  to  regress  but  others  (of  the  same  morphologic  type)  progress.  At  present,  it 
is  impossible  to  identify  the  difference.  Therefore,  where  progression  is  known  to  be  a possibility,  the  most  prudent 
course  is  to  assume  that  benign  neoplasms  of  those  types  have  the  potential  to  become  malignant; 

• Combining  benign  and  malignant  tumor  incidences  known  or  thought  to  represent  stages  of  progression  in  the  same  or- 
gan or  tissue; 

• Latency  in  tumor  induction; 

• Multiplicity  in  site-specific  neoplasia; 

• Metastases; 

• Supporting  information  from  proliferative  lesions  (hyperplasia)  in  the  same  site  of  neoplasia  or  in  other  experiments 
(same  lesion  in  another  sex  or  species); 

• The  presence  or  absence  of  dose  relationships; 

• The  statistical  significance  of  the  observed  tumor  increase; 

• The  concurrent  control  tumor  incidence  as  well  as  the  historical  control  rate  and  variability  for  a specific  neoplasm; 

• Survival-adjusted  analyses  and  false  positive  or  false  negative  concerns; 

• Structure-activity  correlations;  and 

• In  some  cases,  genetic  toxicology. 
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members  have  five  major  responsibilities:  (a)  to  ascertain  that  all  relevant  literature  data  have  been 
adequately  cited  and  interpreted,  (b)  to  determine  if  the  design  and  conditions  of  the  NTP  studies 
were  appropriate,  (c)  to  ensure  that  the  Technical  Report  presents  the  experimental  results  and  con- 
clusions fully  and  clearly,  (d)  to  judge  the  significance  of  the  experimental  results  by  scientific  cri- 
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SUMMARY  OF  PEER  REVIEW  COMMENTS 
ON  THE  TOXICOLOGY  ANI)  CARCINOGENESIS  STUDIES  OF 
p-CHLOROANILINE  HYDROCHLORIDE 


On  April  18,  1988,  the  draft  Technical  Report  on  the  toxicology  and  carcinogenesis  studies  of  p-chloro- 
aniline  hydrochloride  received  public  review  by  the  National  Toxicology  Program  Board  of  Scientific 
Counselors’  Technical  Reports  Review  Subcommittee  and  associated  Panel  of  Experts.  The  review 
meeting  was  held  at  the  National  Institute  of  Environmental  Health  Sciences  (NIEHS),  Research 
Triangle  Park,  North  Carolina. 

Dr.  R.S.  Chhabra,  NIEHS,  began  the  discussion  by  reviewing  the  experimental  design,  results,  and 
proposed  conclusions  (clear  evidence  of  carcinogenic  activity  for  male  rats,  equivocal  evidence  of  car- 
cinogenic activity  for  female  rats,  some  evidence  of  carcinogenic  activity  for  male  mice,  no  evidence  of 
carcinogenic  activity  for  female  mice). 

Dr.  Sivak,  a principal  reviewer,  agreed  with  the  conclusions.  However,  he  suggested  that  the  un- 
usually low  hepatic  tumor  incidence  in  vehicle  control  male  mice,  coupled  with  a tumor  yield  in  high 
dose  male  mice  not  much  above  the  historical  control  range,  might  be  mentioned.  Dr.  Chhabra 
agreed  and  pointed  out  that  the  effects  were  mainly  due  to  carcinomas  and,  further,  that  there  was 
considerable  metastasis  of  these  tumors  to  the  lung  (1/50,  vehicle  controls  vs.  9/50,  high  dose).  Dr. 
Sivak  stated  that  inclusion  of  pharmacokinetic  data  indicating  that  saturation  was  not  reached,  even 
at  the  highest  dose,  was  an  important  addition  to  the  data  base.  He  suggested  deleting  the  specula- 
tion that  increased  sensitivity  to  aniline  toxicity  was  based  on  differences  in  a single  erythrocyte  en- 
zyme, and  Dr.  Chhabra  agreed. 

Dr.  Hughes,  the  second  principal  reviewer,  agreed  with  the  conclusions.  He  requested  an  explanation 
for  poor  survival  in  male  and  female  vehicle  control  rats  compared  with  that  in  dosed  groups.  Dr. 
Chhabra  noted  that  there  appeared  to  be  a correlation  with  a marked  negative  trend  for  mononuclear 
cell  leukemia.  Dr.  Hughes  thought  that  the  addition  of  structure-activity  data  on  genetic  toxicity, 
carcinogenicity,  and  other  effects  for  the  aniline  compounds  was  useful. 

Dr.  Gallo,  the  third  principal  reviewer,  agreed  with  the  conclusions,  although  he  argued  that  if  rarity 
of  the  tumors  is  the  criterion  for  the  level  of  evidence,  then  the  level  in  female  rats  should  be  the  same 
as  that  in  male  rats.  Dr.  J.  Haseman,  NIEHS,  said  that  to  his  knowledge,  the  Program  had  never 
made  a call  above  equivocal  evidence  based  on  a single  tumor,  regardless  of  rarity.  Dr.  Gallo  com- 
mented that  there  were  marked  increases  in  methemoglobinemia  for  both  rats  and  mice  in  the  13- 
week  studies,  even  at  the  lowest  doses,  and  suggested  that  chronic  methemoglobinemia  could  be  an 
appropriate  criterion  for  dose  selection  for  this  type  of  compound. 

In  response  to  inquiries  as  to  why  the  1979  NCI  studies  (NCI  Technical  Report  No.  189)  were  re- 
peated, Dr.  Chhabra  said  p-chloroaniline  was  considered  to  be  a good  candidate  for  restudy  because 
the  findings  from  the  NCI  studies  were  unclear  as  to  carcinogenicity  and  because  of  the  nature  of  the 
chemical  and  the  degree  of  industrial  exposure  of  humans.  Dr.  J.  Huff,  NIEHS,  added  that  three  of 
the  four  previous  studies  were  equivocal,  the  duration  of  exposure  was  only  18  months,  and  the  ga- 
vage  route  was  used  in  the  current  studies. 

Dr.  Sivak  moved  that  the  Technical  Report  on  p-chloroaniline  hydrochloride  be  accepted  with  the  re- 
visions discussed  and  with  the  conclusions  as  written:  for  male  rats,  clear  evidence  of  carcinogenic  ac- 
tivity; for  female  rats,  equivocal  evidence  of  carcinogenic  activity;  for  male  mice,  some  evidence  of 
carcinogenic  activity;  and  for  female  mice,  no  evidence  of  carcinogenic  activity.  Dr.  Hughes  seconded 
the  motion,  which  was  approved  by  eight  members,  with  one  abstention  (Dr.  Ashby). 
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NH2  • HCI 


Cl 


p-CHLOROANILINE  HYDROCHLORIDE 

CAS  No.  20265-96-7 

CgHgNCNHCl  Molecular  weight  164.1 

Synonyms',  l-amino-4-chlorobenzene  hydrochloride;  4-chlorophenylamine  hydrochloride; 
4-chlorobenzenamine  hydrochloride 


Physical  and  Chemical  Properties 

p-Chloroaniline  forms  colorless  orthorhombic 
crystals  and  has  a melting  point  of  72.5°  C and  a 
boiling  point  of  232°  C.  It  is  soluble  in  hot  water 
and  freely  soluble  in  alcohol,  ether,  acetone,  and 
carbon  disulfide  (Merck,  1983).  p-Chloroaniline 
(99%  pure)  was  used  to  prepare  p-chloroaniline 
hydrochloride  solutions  for  administration  to 
animals. 

Use,  Production,  and  Exposure 

p-Chloroaniline  is  an  aromatic  amine  widely 
used  in  the  dye,  chemical,  textile,  rubber,  and 
other  industries  (Beard  and  Noe,  1981).  p-Chlo- 
roaniline  is  used  as  an  intermediate  in  the  man- 
ufacture of  more  than  10  dyes  and  pigments 
(Colour  Index,  1956)  and  has  been  detected  as  a 
degradation  product  in  some  pharmaceutical 
preparations  (Ciarlone  et  al.,  1976).  In  rats,  p- 
chloroaniline  is  one  of  the  metabolites  of  the 
urea  herbicides  monuron,  buturon,  and  mono- 
linuron  (Ernst,  1969;  Hargesheimer  et  al.,  1981). 
Monuron  is  carcinogenic  in  male  rats,  causing 
increased  incidences  of  tubular  cell  adenocarci- 
nomas of  the  kidney,  tubular  cell  adenomas  of 
the  kidney,  and  neoplastic  lesions  of  the  liver 
(NTP,  1988).  p-Chloroaniline  has  also  been 
identified  as  a degradation  product  of  4,4'- 
dichloro-3-(trifluoromethyl)carbanilide,  an  ac- 
tive component  of  deodorant  bars  (Demers  and 
Yates,  1977). 


Specific  production  data  for  p-chloroaniline  are 
not  available;  however,  the  Toxic  Substance 
Control  Act  (TSCA)  Inventory  listed  two  com- 
panies that  manufactured  p-chloroaniline  in 
1977  (USEPA,  1978).  One  company  reported 
that  it  produced  between  100,000  pounds  and 
1,000,000  pounds;  the  other  company  did  not  re- 
port its  production  volume  in  the  nonconfi- 
dential  portion  of  the  TSCA  inventory.  Four 
companies  were  reported  to  import  p-chloro- 
aniline in  1977.  Of  these  four,  two  reported  a 
combined  import  volume  of  between  10,000  and 
101,000  pounds;  the  other  two  companies  did  not 
report  import  volumes. 

No  data  are  available  on  the  number  of  workers 
exposed  to  this  chemical,  but  the  use  pattern  of 
p-chloroaniline  suggests  an  exposure  potential 
to  workers  in  the  dye,  agricultural,  and  chemical 
industries.  It  is  also  a potential  food  contami- 
nant because  of  its  release  as  a metabolic  degra- 
dation product  from  herbicides  used  in  agricul- 
ture. Aromatic  organochlorine  compounds  are 
known  to  be  persistent  in  the  aquatic  environ- 
ment. Schauerte  et  al.  (1982)  studied  the  long- 
term fate  of  hexachlorobenzene,  pentachloroben- 
zene,  and  p-chloroaniline  in  small  experimental 
ponds  in  southern  Germany.  The  chemicals, 
with  added  14C-labeled  tracers,  were  applied  to 
the  ponds  for  4-6  weeks  in  amounts  sufficient  to 
maintain  an  average  concentration  of  50  pg/ 
liter.  Chemical  residue  concentrations  were  de- 
termined in  water,  sediment,  flora,  and  fauna  up 
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to  166  weeks  after  application.  Residues  of  these 
compounds  were  initially  present  in  the  biota  at 
relatively  high  concentrations;  concentrations  of 
residue  slowly  built  up  and  then  declined  in  the 
sediment.  Suss  et  al.  (1978)  studied  the  degrada- 
tion of  aniline,  p-chloroaniline,  and  3,4-dichloro- 
aniline  in  four  different  soil  types  in  the  labora- 
tory and  reported  low  degradation  rates  and 
strong  adsorption  for  the  chloroanilines,  sug- 
gesting accumulation  in  the  soil.  However,  ac- 
cording to  Freitag  et  al.  (1984),  laboratory  soil 
mobility  studies,  which  normally  have  much 
higher  leaching  rates  and  shorter  time  spans 
than  those  conducted  under  environmental  con- 
ditions, are  not  suitable  for  predicting  the  long- 
term behavior  of  p-chloroaniline. 

Absorption,  Distribution,  Metabolism,  and 
Excretion 

p-Chloroaniline  is  readily  absorbed  through  skin 
and  from  the  gastrointestinal  tract  after  oral  ad- 
ministration. It  causes  more  intense  methemo- 
globinemia after  dermal  exposure  than  after 
oral  exposure,  suggesting  greater  or  more  rapid 
hepatic  metabolism  following  absorption  from 
the  gastrointestinal  tract  (Gosselin  et  al.,  1984). 
Distribution  and  excretion  studies  of  [14C]p- 
chloroaniline  hydrochloride  in  rats  showed  that 
p-chloroaniline  is  excreted  rapidly  after  oral  ad- 
ministration at  0.3,  3.0,  or  30  mg/kg  (Perry  et 
al.,  1981a, b;  Appendix  H).  Within  24  hours,  81% 
of  the  administered  dose  appeared  in  urine  and 
10%  in  feces.  An  average  of  98%  of  the  dose  was 
recovered  in  excreta  (87%  in  urine,  11%  in  feces) 
7 days  after  administration.  At  day  7,  essen- 
tially all  of  the  remaining  radioactivity  was  lo- 
cated in  the  erythrocytes.  The  preliminary  re- 
sults from  a single  intravenous  dose  (3  mg/kg) 
also  revealed  an  accumulation  of  p-chloroani- 
line-derived  radioactivity  in  erythrocytes.  The 
ratio  of  concentration  of  p-chloroaniline  in 
erythrocytes  to  that  in  plasma  increased  with 
time  and  was  2:1  at  2 hours,  20:1  at  12  hours, 
and  74:1  at  2 days.  These  studies  also  revealed 
that  p-chloroaniline  administered  to  F344  rats 
by  intravenous  injection  was  rapidly  A- ace- 
tylated  to  p-chloroacetanilide  as  the  first  step  in 
metabolism  and  excretion.  The  absence  of  any  p- 
chloroacetanilide  in  urine  indicated  further  me- 
tabolism before  excretion. 


Concurrent  disposition  studies  in  mongrel  dogs 
and  in  A/J  and  Swiss  Webster  mice  also  were 
performed  by  Perry  et  al.  (1981a, b).  Dogs  ad- 
ministered 3 mg/kg  [14C]p-chloroaniline  by  in- 
travenous injection  excreted  93%  of  the  radioac- 
tivity in  urine  and  3%  in  feces  within  2 days, 
whereas  mice  of  both  strains  eliminated  75%  in 
urine  and  10%  in  feces  in  a similar  time  period; 
recovery  of  mouse  urine  was  probably  not  com- 
plete. For  all  species,  the  disappearance  of  total 
radioactivity  from  whole  blood  displayed  two- 
phase  decay  kinetics,  but  the  rates  were  sub- 
stantially different.  The  initial  decay  constants 
in  both  strains  of  mice  were  10  times  greater 
than  those  in  dogs  and  rats,  and  the  terminal 
rates  were  greater  by  a factor  of  2 to  4.  The  half- 
life  of  the  radioactivity  in  plasma  was  similar  in 
F344  rats  and  dogs.  Dogs  and  rats  rapidly  elimi- 
nated the  parent  compound  in  a manner  best  de- 
scribed by  biexponential  decay  kinetics,  with  a 
half-life  of  less  than  10  minutes  for  the  first 
phase  and  1.5-4. 6 hours  for  the  second  phase. 
The  parent  compound  could  not  be  detected  after 
4 hours  in  dogs  and  rats  or  after  1 hour  in  mice. 
p-Chloroaniline  clearance  by  mice  was  too  rapid 
to  permit  calculation  of  the  kinetic  parameters. 

The  biologic  activity,  including  mutagenicity 
and  carcinogenicity,  of  a number  of  aromatic 
amines  may  be  due  to  their  A-hydroxy  metabo- 
lites (Poirier  and  Weisburger,  1972;  Weisburger 
and  Weisburger,  1973;  Selkirk,  1980).  A num- 
ber of  in  vitro  studies  have  shown  A-oxidation  of 
p-chloroaniline  by  the  hepatic  microsomal  cyto- 
chrome P450  system  (Smith  and  Gorrod,  1978; 
Liu  and  Franklin,  1984;  Hlavica,  1984).  A-oxi- 
dation  of  p-chloroaniline  during  lipid  peroxida- 
tion promoted  by  various  mechanisms  in  rabbit 
liver  microsomal  preparations  was  also  reported 
(Golly  et  al.,  1984).  In  addition,  based  on  in  vitro 
studies  of  the  A-oxidation  of  p-chloroaniline  by 
rabbit  hemoglobin,  Golly  and  Hlavica  (1983) 
proposed  that  erythrocytes  may  be  a site  of  bio- 
activation of  aromatic  amines.  This  proposal  of 
a reactive  intermediate  produced  by,  and  react- 
ing with,  erythrocytes  would  be  consistent  with 
the  observed  persistence  of  p-chloroaniline- 
derived  radioactivity  in  erythrocytes  by  Perry  et 
al.  (1981a, b).  However,  this  conclusion  has  not 
been  confirmed  because  it  was  not  possible  to  ex- 
tract the  p-chloroaniline-derived  radioactivity 
from  erythrocytes.  Microbial  oxidation  of 
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p-chloroaniline  was  shown  by  Kaufman  et  al. 
(1973);  Corbett  et  al.  (1980)  demonstrated  the  N- 
oxidizing  action  of  the  fungal  enzyme  chloride 
peroxidase  in  vitro. 

Genetic  Toxicology 

p-Chloroaniline  has  been  tested  for  muta- 
genicity by  numerous  laboratories  in  bacterial 
assays  with  Escherichia  coll  and  Salmonella 
typhimurium.  Test  results  reported  in  the  liter- 
ature were  generally  negative  (Garner  and  Nut- 
man,  1977;  Pai  et  al.,  1978;  Rosenkranz  and 
Poirier,  1979;  Seuferer  et  al.,  1979;  Gilbert  et  al., 
1980;  Zimmer  et  al.,  1980;  Thompson  et  al., 
1983)  with  two  exceptions:  a positive  response 
for  gene  mutation  in  S.  typhimurium  strain 
TA98  in  the  presence  of  S9  metabolic  activation 
(Dunkel  et  al.,  1985)  and  the  observation  of 
growth  inhibition  due  to  DNA  damage  in  E.  coli 
polA+/polA_  (Rosenkranz  and  Poirier,  1979).  p- 
Chloroaniline  was  tested  for  mutagenicity  in  S. 
typhimurium  for  the  NTP  by  three  independent 
laboratories.  Mutagenic  activity  was  observed 
by  two  laboratories  in  strain  TA98  in  the  pres- 
ence of  Aroclor  1254-induced  male  Sprague 
Dawley  rat  or  Syrian  hamster  S9,  and  one  labo- 
ratory noted  an  increase  in  revertant  colonies  in 
strain  TA100  in  the  presence  of  hamster  S9  only. 
No  mutagenic  activity  was  reported  in  strains 
TA97,  TA1535,  or  TA1537  (Mortelmans  et  al., 
1986;  Table  27).  Several  of  the  negative  studies 
that  were  reported  in  the  literature  tested  p- 
chloroaniline  within  dose  ranges  similar  to  those 
used  by  the  NTP  laboratories  (1,000-2,000 
pg/plate). 

In  addition  to  the  bacterial  assays,  gene  muta- 
tion was  also  reported  in  Aspergillus  nidulans 
after  administration  of  200  pg/ml  p-chloroani- 
line in  the  absence  of  exogenous  metabolic  ac- 
tivation (Prasad,  1970)  and  in  cultured  mouse 
L5178Y  lymphoma  cells  both  with  and  without 
Aroclor  1254-induced  male  F344  rat  liver  S9 
(Myhr  and  Caspary,  1989;  Table  28). 

Treatment  of  primary  hepatocyte  cultures  from 
adult  male  F344  rats  with  20  pg/ml  p-chloroani- 
line was  reported  to  induce  unscheduled  DNA 
synthesis  (UDS)  (Williams  et  al.,  1982);  another 
such  investigation  detected  no  induction  of  UDS 
at  doses  of  6.35  pg/ml  and  lower  and  found 


toxicity  at  all  doses  greater  than  10  pg/ml 
(Thompson  et  al.,  1983).  Therefore,  it  may  be 
that  only  doses  within  a narrow  range  close  to 
toxic  levels  elicit  a positive  response  in  this 
assay. 

The  NTP  tested  several  structural  analogs  of  p- 
chloroaniline  for  mutagenic  activity,  including 
aniline,  o-  and  m-chloroaniline,  and  p-bromoani- 
line.  All  these  compounds  produced  a negative 
response  in  the  Salmonella  gene  mutation  assay 
(Haworth  et  al.,  1983;  Zeiger  et  al.,  1987).  Ani- 
line and  m-chloroaniline  induced  SCEs  in  cul- 
tured CHO  cells  with  and  without  S9  from  Aro- 
clor 1254-induced  male  Sprague  Dawley  rat 
liver;  both  compounds  also  induced  chromosomal 
aberrations  in  this  test  system,  but  aniline  re- 
quired the  addition  of  S9  for  a positive  response 
(Galloway  et  al.,  1987).  Aniline  induced  triflu- 
orothymidine  (Tft)  resistance  in  mouse  L5178Y 
lymphoma  cells  with  and  without  Aroclor  1254- 
induced  male  F344  rat  liver  S9  (Myhr  and 
Caspary,  1989;  Mitchell  et  al.,  1989).  Published 
reports  on  the  absence  of  mutagenic  activity  of 
aniline,  p-bromoaniline,  and  m-chloroaniline  in 
bacteria  support  the  NTP  results  (Garner  and 
Nutman,  1977;  Simmon,  1979;  Chung  et  al., 
1981;  De  Flora,  1981;  Probst  et  al.,  1981;  Ashby 
et  al.,  1983;  Thompson  et  al.,  1983).  Although  o- 
chloroaniline  was  reported  to  be  nonmutagenic 
in  Salmonella,  it  was  observed  to  produce 
growth  inhibition  due  to  DNA  damage  in  E.  coli 
strain  polA+/polA~,  with  and  without  S9  acti- 
vation (Rosenkranz  and  Poirier,  1979;  Rosen- 
kranz and  Leifer,  1980).  The  only  reported  ge- 
netic effects  of  aniline  exposure  were  the  induc- 
tion of  SCEs  in  vitro  (Wilmer  et  al.,  1981;  Tohda 
et  al.,  1983)  and  in  vivo  (Parodi  et  al.,  1983)  and 
DNA  damage  as  determined  by  alkaline  elution 
sedimentation  in  liver  and  kidney  cells  of 
Sprague  Dawley  rats  administered  420  mg/kg 
aniline;  no  DNA  damage  was  observed  in  the 
spleen  cells  of  these  rats  (Parodi  et  al.,  1982a, b). 
Swiss  mice  administered  identical  doses  of  ani- 
line showed  no  liver,  kidney,  or  bone  marrow 
DNA  damage  (Parodi  et  al.,  1982a).  No  induc- 
tion of  UDS  was  observed  in  primary  hepatocyte 
cultures  from  F344  rats,  DS-1  mice,  or  Syrian 
golden  hamsters;  the  cultures  contained  1 X 
10-3  or  1 X 10-5  M aniline  (Williams,  1981; 
McQueen  etal.,  1981). 
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Mutagenicity  information  is  available  on  p- 
aminophenol,  one  of  the  purported  metabolites 
of  p-chloroaniline  (Ichikawa  et  al.,  1969).  Al- 
though p-aminophenol  is  not  generally  observed 
to  be  mutagenic  in  Salmonella  (NTP  unpub- 
lished results;  Garner  and  Nutman,  1977; 
Degawa  et  al.,  1979;  Thompson  et  al.,  1983), 
there  is  one  report  of  a positive  response  in  the 
absence  of  S9  in  S.  typhimurium  strain  TA1535 
(Wild  et  al.,  1980).  In  addition,  induction  of  Tft 
resistance  in  mouse  L5178Y  lymphoma  cells  has 
been  reported  (Amacher  and  Turner,  1982; 
Oberly  et  al.,  1984)  as  well  as  in  vivo  induction 
of  chromosomal  aberrations  (Mitra  and  Manna, 
1971),  micronuclei  (Wild  et  al.,  1980),  and  sperm 
head  abnormalities  (Topham,  1980).  Treatment 
of  human  EBV-transformed  lymphoblastoid 
cells  with  p-aminophenol  resulted  in  inhibition 
of  DNA  synthesis  presumably  through  altera- 
tions of  the  DNA  superstructure  as  noted  by 
changes  in  the  sedimentation  rate  of  DNA  ex- 
tracts from  treated  cells  (Hayward  et  al.,  1982). 
SCE  induction  in  human  lymphocytes  was  re- 
ported after  exposure  to  p-aminophenol  (Take- 
hisa  and  Kanaya,  1982). 

Toxicity  and  Carcinogenicity 

The  dominant  toxic  effect  of  aromatic  amines  is 
methemoglobin  formation  (Beard  and  Noe, 
1981).  Specific  information  on  p-chloroaniline 
toxicity  in  humans  is  limited.  Short-term  expo- 
sure to  p-chloroaniline  produces  cyanosis,  a 
manifestation  of  methemoglobin  formation  that 
could  develop  with  or  without  loss  of  hemo- 
globin. Medical  intervention  is  required  when 
methemoglobin  levels  are  at  or  above  10%  in  the 
blood  of  humans.  Long-term  exposure  could  pro- 
duce reversible  anemia  (Linch,  1974).  p-Chloro- 
aniline  administered  dermally  induces  more  in- 
tense methemoglobin  formation  than  when  ad- 
ministered orally  (Gosselin  et  al.,  1984).  A 
threshold  limit  value  for  aniline  and  its  homo- 
logs has  been  set  at  2 ppm  for  dermal  exposure 
(ACGIH,  1988-89).  McLean  et  al.  (1969)  studied 
methemoglobin  formation  in  cats  by  a number  of 
substituted  anilines  including  p-chloroaniline. 
These  studies  showed  that  chloro-  and  bromo- 
anilines,  especially  the  3-  and  4-halo  compounds, 
tend  to  produce  a long-lasting  methemoglobin 
response.  The  oral  LD50  value  in  rats  for  p-chlo- 
roaniline was  reported  to  be  310  mg/kg,  and  the 


dermal  LD50  value  in  rabbits  was  reported  to  be 
360  mg/kg  (Smyth  et  al.,  1962). 

Aniline  hydrochloride  was  carcinogenic  for  male 
F344/N  rats  (NCI,  1978a;  Gralla  et  al.,  1979). 
Azobenzene  (NCI,  1979a),  D & C Red  No.  9 
(NTP,  1982a),  dapsone  (NCI,  1977a),  and  o-tolui- 
dine  hydrochloride  (NCI,  1979b),  all  structurally 
related  to  aniline,  are  carcinogens  in  rats.  Car- 
cinogenesis studies  on  p-chloroaniline  in  feed 
were  conducted  by  the  National  Cancer  Institute 
in  F344/N  rats  and  B6C3Fi  mice  of  each  sex 
(NCI,  1979c).  The  dietary  concentrations  were 
250  and  500  ppm  for  rats  and  2,500  and  5,000 
ppm  for  mice.  The  duration  of  compound  admin- 
istration was  78  weeks,  followed  by  an  observa- 
tion period  of  24  weeks  for  rats  and  13  weeks  for 
mice.  Mesenchymal  neoplasms  (including  six  Fi- 
bromas, one  sarcoma,  one  fibrosarcoma,  one  os- 
teosarcoma, and  one  hemangiosarcoma)  in  the 
spleen  of  male  rats  (vehicle  control,  0/20;  low 
dose,  0/49;  high  dose,  10/49)  and  hemangioma- 
tous  neoplasms  in  mice  (male:  2/20;  10/50; 

14/50;  female:  0/18;  3/49;  8/42)  may  have  been 
related  to  p-chloroaniline  administration.  How- 
ever, the  conclusions  of  the  studies  given  in  the 
Technical  Report  were  that  "sufficient  evidence 
was  not  found  to  establish  the  carcinogenicity  of 
p-chloroaniline  for  F344/N  rats  and  B6C3Fi 
mice.” 

p-Chloroaniline  is  1 of  17  compounds  with  a 
chloroaniline  moiety  which  have  been  evaluated 
or  are  under  evaluation  by  the  NCI/NTP  (Ta- 
ble 1).  Six  of  the  nine  compounds  evaluated  to 
date  were  found  to  be  carcinogenic,  whereas  the 
results  of  the  original  p-chloroaniline  carcino- 
genesis studies  were  considered  equivocal.  2- 
Chloro-p-phenylenediamine  sulfate  (NCI, 
1978b)  and  3-chloro-p-toluidine  (NCI,  1978c) 
were  determined  not  to  be  carcinogenic  in  rats  or 
mice. 

No  epidemiologic  study  of  p-chloroaniline  car- 
cinogenicity was  available  in  the  literature. 
However,  an  epidemiologic  study  on  an  analog, 
4-chloro-2-methylaniline,  indicated  the  possibil- 
ity of  bladder  cancer  in  exposed  workers 
(USEPA,  1986).  Other  structurally  related 
chemicals  such  as  4,4'-methylene  bis(2- 
methylaniline)  and  toluidine  were  reported  to  be 
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TABLE  1.  NCI/NTP  STUDIES  OF  CHEMICALS  CONTAINING  CM  LORO  ANILINE  MOIETIES 


Structure 


Chemical 


CAS  Number 


NTP  Testing  Status 

Genetic  Toxicity  Carcinogenicity 

and  Other 


o-Chloroaniline  95-51-2 


Negative  in  Salmonella  (Zeiger  et  Not  evaluated  for 

al.,  1987)  carcinogenicity 


m-Chloroaniline  108-42-9  Negative  in  Salmonella  (Zeiger  et  Not  evaluated  for 

al.,  1987);  positive  for  chromosomal  carcinogenicity 
aberrations  and  SCE  in  CHO  cells 


p-Chloroaniline  106-47-8 


Positive  in  Salmonella  (Mortelmans  Equivocal  results  in 
et  al.,  1986);  positive  in  mouse  lym-  feed  studies  in  rats 
phoma  cells  (Mitchell  et  al.,  1989;  and  mice  (NCI, 
Myhr  and  Caspary,  1989);  positive  1979c) 
for  chromosomal  aberrations  and 
SCE  in  CHO  cells;  negative  in 
BALB/c-3T3  transformation  assay; 
positive  in  Fischer  cell/Rauscher 
leukemia  virus  transformation  as- 
say; positive  for  UDS  in  primary  rat 
hepatocytes 


4,4'-Methylene  bis(o-chloroaniline)  101-14-4 


Positive  in  Salmonella  (Haworth  et 
al.,  1983);  positive  in  mouse  lym- 
phoma cells  (Mitchell  et  al.,  1989; 
Myhr  and  Caspary,  1989);  negative 
for  chromosomal  aberrations; 
positive  for  SCE  in  CHO  cells 
(Galloway  et  al.,  1985);  positive  in 
BALB/c-3T3  transformation  assay; 
positive  in  Fischer  cell/Rauscher 
leukemia  virus  transformation 
assay;  positive  for  UDS  in  primary 
rat  hepatocytes;  on  test  in 
Drosophila 


Determined  by  IARC 
to  have  sufficient 
evidence  of  carcino- 
genicity in  animals 
(IARC,  1974); 
nominated  for  repro- 
ductive effects  study 


Negative  in  Salmonella 


Not  evaluated  for 
carcinogenicity 
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TABLE  1.  NCI/NTP  STUDIES  OF  CHEMICALS  CONTAINING  CH  LORO  ANILINE  MOIETIES  (Continued) 


Structure 


Chemical 


CAS  Number 


Genetic  Toxicity 


NTP  Testing  Status 


Carcinogenicity 
and  Other 


3,4-Dichloroaniline  95-76-1 


COOH 


Chloramben 


133-90-4 


Negative  for  Salmonella 


Not  evaluated  for 
carcinogenicity 


Positive  in  Salmonella  (Haworth  et 
al.,  1983);  positive  for  chromosomal 
aberrations  and  SCE  in  CHO  cells; 
equivocal  for  sex-linked  recessive 
lethals  in  Drosophila  (Valencia  et 
al.,  1985) 


Positive  in  feed 
studies;  hepatocellu- 
lar carcinomas  in  fe- 
male mice  (NCI, 
1977b) 


4-Chloro-o-nitroaniline  89-63-4 


imo2 


Positive  in  Salmonella  (Haworth  et 
al.,  1983);  positive  for  chromosomal 
aberrations,  weakly  positive  for 
SCE  in  CHO  cells;  positive  in  mouse 
lymphoma  assay  (Galloway  et  al., 
1987) 


Short-term  gavage 
studies  in  rats  and 
mice;  chemical  dis- 
position studies  in 
rats;  on  test  in  sperm 
morphology  and  vag- 
inal cytologic  assays 


2-Chloro-p-phenylenediamine 

sulfate 


h2so4 


61702-44-1 


Positive  in  Salmonella  (Haworth  et  Negative  in  feed 
al.,  1983);  positive  for  chromosomal  studies  in  rats  and 
aberrations  and  for  SCE  in  CHO  mice  (NCI,  1978b) 

cells 


NH2  4-Chloro-o-phenylenediamine  95-83-0 


Cl 


Positive  in  Salmonella  (Zeiger  et 
al.,  1988;  Dunkel  et  al.,  1985);  posi- 
tive for  chromosomal  aberrations 
and  for  SCE  in  CHO  cells 


Positive  in  feed 
studies;  neoplasms  of 
urinary  bladder  and 
forestomach  in  rats 
of  each  sex;  hepato- 
cellular carcinomas 
in  mice  of  each  sex 
(NCI,  1978d) 


NH2  4-Chloro-m-phenylenediamine 


Cl 


5131-60-2 


Positive  in  Salmonella  (Haworth  et 
al.,  1983;  Dunkel  et  al.,  1985);  posi- 
tive for  chromosomal  aberrations 
and  SCE  in  CHO  cells 


Positive  in  feed 
studies;  adrenal 
gland  pheochromo- 
cytomas  in  male 
rats;  hepatocellular 
neoplasms  in  female 
mice  (NCI,  1978e) 
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TABLE  1.  NCI/NTP  STUDIES  OF  CHEMICALS  CONTAINING  CH  LORO  ANILINE  MOIETIES  (Continued) 


Structure 


Chemical 


CAS  Number 


NTP  Testing  Status 

Genetic  Toxicity  Carcinogenicity 

and  Other 


609-20-1 


NH2  3-Chloro-p-toluidine  95-74-9 


ch3 


95-79-4 


Positive  in  Salmonella  (Mortelmans 
et  al.,  1986);  positive  in  mouse 
lymphoma  cells;  positive  for  chro- 
mosomal aberrations  and  for  SCE  in 
CHO  cells 


Positive  in  feed  stud- 
ies; hepatocellular 
adenomas  or  carcino- 
mas (combined)  in 
mice  of  each  sex; 
hepatocellular  ade- 
nomas in  male  mice 
( NTP,  1 982b );  on  test 
for  chemical 
disposition 


Negative  in  Salmonella  (Haworth  Negative  in  feed 
et  al.,  1983);  positive  for  chromoso-  studies  in  rats  and 
mal  aberrations  and  SCE  in  CHO  mice  (NCI,  1978c) 
cells 


Negative  in  Salmonella  (Haworth 
et  al.,  1983 );  negative  in  mouse 
lymphoma  cells;  negative  in  in  vitro 
cytogenetics  (Galloway  et  al.,  1987) 


Positive  in  feed 
studies;  hemangio- 
sarcomas  and  hep- 
atocellular carcino- 
mas in  mice  of  each 
sex;  not  carcino- 
genic in  rats  (NCI, 
1979d) 


4-Chloro-o-toluidine  3165-93-3 
hydrochloride 


Negative  in  Salmonella  (Haworth 
et  al.,  1 983 );  positive  in  mouse 
lymphoma  cells;  positive  for  chro- 
mosomal aberrations  and  for  SCE  in 
CHO  cells  (Galloway  et  al.,  1987) 


Positive  in  feed 
studies;  hemangio- 
sarcomas  and  he- 
mangiomas in  mice 
of  each  sex;  not  carci- 
nogenic in  rats  (NCI, 
1979e) 


554-00-7 


634-93-5 


Negative  in  Salmonella 


On  test  in  Salmonella 


Not  evaluated  for 
carcinogenicity 


Not  evaluated  for 
carcinogenicity 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


18 
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associated  with  increased  deaths  from  urinary 
bladder  cancer  in  dyestuff  factory  workers  in 
northern  Italy  (Rubino  et  al.,  1982;  Lamb  et  al., 
1986). 

Study  Rationale 

In  a previous  p-chloroaniline  study,  rare  splenic 
neoplasms  were  found  in  dosed  male  rats;  how- 
ever, the  number  of  neoplasms  was  considered  to 
be  insufficient  to  establish  clearly  the  carcino- 
genicity of p-chloroaniline  (NCI,  1979c).  p-Chlo- 
roaniline  is  unstable  in  feed,  and  the  animals 
may  have  received  the  chemical  at  less  than  the 
targeted  dietary  concentration.  Thus,  the  study 


is  considered  to  be  inadequate  for  determining 
carcinogenicity. 

The  widespread  exposure  of  workers  to  p-chloro- 
aniline  in  the  dye,  chemical,  and  pharmaceutical 
manufacturing  industries  and  the  structural  re- 
semblance of  p-chloroaniline  to  known  carcino- 
gens were  the  rationale  for  reevaluating  this 
chemical  for  toxicity  and  carcinogenicity  in  lab- 
oratory animals.  The  studies  described  in  this 
report  were  conducted  in  F344/N  rats  and 
B6C3Fi  mice  of  each  sex  at  three  doses.  The  ga- 
vage  route  with  a water  vehicle  was  selected  be- 
cause the  chemical  was  found  to  be  unstable  in 
feed. 
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II.  MATERIALS  AND  METHODS 


PROCUREMENT  AND  CHARACTERIZATION  OF 
p-CHLOROANILINE 

PREPARATION  AND  CHARACTERIZATION  OF 

p-CHLOROANILINE  HYDROCHLORIDE  DOSE  MIXTURES 
SIXTEEN-DAY  STUDIES 
THIRTEEN-WEEK  STUDIES 

TWO-YEAR  STUDIES 
Study  Design 

Source  and  Specifications  of  Animals 
Animal  Maintenance 
Clinical  Examinations  and  Pathology 
Statistical  Methods 

GENETIC  TOXICOLOGY 
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II.  MATERIALS  AND  METHODS 


PROCUREMENT  AND 
CHARACTERIZATION  OF 
p-CHLOROANILINE 

p-Chloroaniline  (S2  flaked,  technical  grade)  was 
obtained  in  one  lot  (lot  no.  127)  from  E.I.  DuPont 
de  Nemours  and  Company,  Inc.  (Wilmington, 
Delaware).  Purity  and  identity  analyses  were 
conducted  at  Midwest  Research  Institute  (MRI) 
(Kansas  City,  Missouri).  MRI  reports  on  the 
analyses  performed  in  support  of  the  p-chloro- 
aniline  studies  are  on  File  at  the  National  In- 
stitute of  Environmental  Health  Sciences.  Lot 
no.  127  was  identified  as  p-chloroaniline  by  in- 
frared (Figure  1),  ultraviolet/visible,  and  nucle- 
ar magnetic  resonance  spectra  (Figure  2),  which 
were  consistent  with  those  expected  for  the 
structure  and  the  spectra  in  the  literature  (Sadt- 
ler  Standard  Spectra). 

Purity  was  determined  by  elemental  analysis, 
Karl  Fischer  water  analysis,  titration  of  the 
amine  component  with  perchloric  acid,  thin- 
layer  chromatography,  and  gas  chromatog- 
raphy. Cumulative  data  indicated  that  lot  no. 
127  was  99. 1%  pure.  Results  of  elemental  analy- 
sis of  lot  no.  127  were  in  agreement  with  theo- 
retical values  for  carbon,  hydrogen,  chlorine, 
and  nitrogen.  Water  content  was  0.020%  by 
Karl  Fischer  titration.  Titration  of  the  amine 
group  in  glacial  acetic  acid  with  perchloric  acid 
indicated  a purity  of  98.8%.  Thin-layer  chroma- 
tography with  two  different  solvent  systems 
(chloroform:methanol:acetic  acid,  95:4:1,  or  di- 
ethylamine)  showed  a single  spot.  Gas  chroma- 
tography performed  with  a 10%  Carbowax  20M 
column  indicated  one  impurity  after  the  major 
peak  with  an  area  0.14%  that  of  the  major  peak 
and  three  other  impurities,  two  before  and  one 
after  the  major  peak,  with  individual  peak  areas 
less  than  0.1%  that  of  the  major  peak.  A second 
gas  chromatographic  system  with  a 3% 
SP2100(DB)  column  indicated  one  impurity  af- 
ter the  major  peak  with  an  area  0.13%  that  of 
the  major  peak  and  a group  of  unresolved  im- 
purities after  the  major  peak,  with  a total  area 
0.15%  that  of  the  major  peak. 


PREPARATION  AND 
CHARACTERIZATION  OF 
p-CHLOROANILINE  HYDROCHLORIDE 
DOSE  MIXTURES 

All  dose  mixtures  administered  to  animals  in 
these  studies  were  prepared  from  weighed  quan- 
tities of  p-chloroaniline  dissolved  in  water  con- 
taining hydrochloric  acid;  all  doses  refer  to  the  p- 
chloroaniline  content  of  the  solution.  p-Chloro- 
aniline  and  molar  equivalents  of  1.0  N hydro- 
chloric acid  were  mixed  together  in  a calibrated 
container  (Table  2).  The  resulting  p-chloro- 
aniline hydrochloride  solutions  were  diluted  to 
the  appropriate  concentration  with  deionized 
water  and  had  a pH  of  approximately  2.  The 
solutions  were  refrigerated  for  1 day  and  filtered 
through  Filter  paper  to  remove  precipitate.  The 
stability  of  p-chloroaniline  hydrochloride  in  wa- 
ter gavage  solutions  (5  mg/ml  as  p-chloroaniline) 
was  determined  by  gas  chromatography  with  a 
3%  SP2401  on  100/200  mesh  Supelcoport  packed 
column  after  dilutions  with  methanol  and  addi- 
tions of  biphenyl  as  an  internal  reference.  The 
chemical  was  found  to  be  stable  in  water  for  at 
least  14  days  at  room  temperature.  For  the  16- 
day  and  13-week  studies,  dose  mixtures  were 
prepared  at  weekly  intervals,  placed  in  foil- 
wrapped  containers,  and  refrigerated  until  the 
day  of  dosing.  For  the  2-year  studies,  the  fil- 
trates were  stored  in  amber  bottles  at  5°  C and 
were  used  as  the  stock  solutions  or  as  the  dose 
mixtures  for  the  highest  dose  groups  of  rats  and 
mice. 

Periodic  analysis  of  formulated  p-chloroaniline 
hydrochloride  in  water  dose  mixtures  by  ultra- 
violet spectroscopy  at  216  nm  was  conducted  at 
the  study  and  analytical  chemistry  laboratories. 
The  study  laboratory  analyzed  dose  mixtures  by 
ultraviolet  spectroscopy  two  times  during  the 
13-week  studies  (Table  3).  During  the  2-year 
studies,  the  dose  mixtures  were  analyzed  at  ap- 
proximately 8-week  intervals.  The  number  of 
times  that  concentrations  were  not  within  speci- 
fications can  be  extrapolated  to  indicate  the  fre- 
quency with  which  mixtures  were  formulated 
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FIGURE  1.  INFRARED  ABSORPTION  SPECTRUM  OF  p-CHLOROANILINE  (LOT  NO.  127) 
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nuclear  magnetic  resonance  spectrum  of  p 


TABLE  2.  PREPARATION  AND  STORAGE  OF  DOSE  MIXTURES  IN  THE  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE 


Sixteen-Day 

Thirteen-Week 

Two-Year 

Studies 

Studies 

Studies 

Preparation 

Weighed  portions  of  p-chloroaniline 
mixed  with  molar  equivalents  of  1 .0  N 
hydrochloric  acid.  Resulting  solution 
further  diluted  to  appropriate  concen- 
tration with  deionized  water.  Solution 
allowed  to  stand  1 d and  then  filtered 
through  filter  paper.  Serial  dilutions 
made  with  deionized  water  to  obtain 
lower  dose  mixtures 

Same  as  16-d  studies 

Same  as  16-d  studies 

Maximum  Storage  Time 

2 wk 

2 wk 

2 wk 

Storage  Conditions 

5°  C in  foil-wrapped  containers 

5°  C in  foil-wrapped  containers 

5°  C in  amber  glass  containers 

TABLE  3.  RESULTS  OF  ANALYSIS  OF  DOSE  MIXTURES  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  p-CHLORO  ANILINE  HYDROCHLORIDE 


Concentration  of  p-Chloroaniline  in 
Aqueous  Hydrochloric  Acid  (mg/ml) 


Determined  as  a 


Date  Mixed 

Target 

Determined  (a) 

Percent  of  Target 

3/25/81 

1 

1.09 

109 

1.5 

1.4 

93 

2 

2.0 

100 

3 

2.8 

93 

4 

4.2 

105 

6 

5.6 

93 

8 

8.5 

106 

12 

10.9 

91 

16 

17.1 

107 

24 

22.2 

92 

5/12/81 

1 

1 

100 

2 

1.8 

90 

4 

3.9 

98 

8 

8.6 

108 

16 

17.6 

110 

5/12/81 

1.5 

1.0 

67 

3 

2.8 

93 

6 

6.3 

105 

12 

13.0 

108 

24 

25.7 

107 

5/19/81 

1.5 

(b)  1.4 

93 

3 

(c)  3.1 

103 

6 

(c)  6.4 

107 

12 

(c)  13.0 

108 

24 

(c)  26.0 

108 

(a)  Results  of  duplicate  analysis;  concentrations  expressed  as  milligrams  per  milliliter  p-chloroaniline;  the  hydrochloride  was 
formed  during  dose  preparation. 

(b)  Remix  of  dose  mixture  of  5/12/81  which  was  out  of  specifications 

(c)  Remix  of  dose  mixture  of  5/12/81 
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within  the  specified  ± 10%  of  the  target  concen- 
trations. For  the  2-year  p-chloroaniline  hydro- 
chloride studies,  72/72  dose  mixtures  were 
formulated  within  ±10%  of  the  target  concen- 
trations, and  it  is  therefore  estimated  that  100% 


of  the  dose  mixtures  were  properly  prepared  (Ta- 
ble 4).  Results  of  periodic  referee  analyses  per- 
formed by  the  analytical  chemistry  laboratory 
indicated  good  agreement  with  the  results  from 
the  study  laboratory  (Table  5). 


TABLE  4.  RESULTS  OF  ANALYSIS  OF  DOSE  MIXTURES  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE 


Concentration  of  p-Chloroaniline  in  Aqueous  Hydrochloric  Acid 
for  Target  Concentration  (mg/ml)  (a) 


Date  Mixed 

0.4 

0.6 

1.2 

2.0 

3.6 

6.0 

01/20/82 

0.37 

1.25 

3.70 

02/03/82 

— 

0.61 

— 

1.86 

- 

5.98 

06/10/82 

0.40 

0.57 

1.19 

2.03 

3.56 

6.09 

08/11/82 

0.37 

0.60 

1.11 

1.97 

3.61 

6.08 

10/14/82 

0.37 

0.66 

1.12 

1.95 

3.65 

6.00 

12/08/82 

- 

0.59 

- 

2.02 

— 

6.13 

12/09/82 

0.39 

- 

1.15 

- 

3.66 

- 

02/09/83 

0.39 

0.58 

1.17 

2.06 

3.54 

6.08 

03/30/83 

0.44 

0.57 

1.27 

2.09 

3.49 

5.79 

06/15/83 

0.39 

- 

1.18 

- 

3.59 

- 

06/16/83 

- 

0.60 

— 

1.99 

- 

5.96 

07/27/83 

0.41 

0.60 

1.20 

1.93 

3.54 

5.83 

09/21/83 

0.36 

0.55 

1.17 

2.02 

3.56 

5.90 

11/17/83 

0.37 

0.57 

1.16 

2.03 

3.50 

5.92 

01/11/84 

0.39 

0.62 

1.21 

2.01 

3.62 

5.83 

Mean  (mg/ml) 

0.39 

0.59 

1.18 

2.00 

3.58 

5.97 

Standard  deviation 

0.022 

0.029 

0.047 

0.062 

0.065 

0.114 

Coefficient  of  variation  (percent) 

5.9 

4.9 

4.0 

3.1 

1.8 

1.9 

Range  (mg/ml) 

0.36-0.44 

0.55-0.66 

1.11-1.27 

1.86-2.09 

3.49-3.70 

5.79-6.13 

Number  of  samples 

12 

12 

12 

12 

12 

12 

(a)  Results  of  duplicate  analysis;  concentrations  expressed  as  milligrams  per  milliliter  p-chloroaniline;  the  hydrochloride  was 
formed  during  dose  preparation. 


TABLE  5.  RESULTS  OF  REFEREE  ANALYSIS  OF  DOSE  MIXTURES  IN  THE  TWO-YEAR  GAVAGE 

STUDIES  OF  p-CHLOROANILINE  HYDROCHLORIDE 


Determined  Concentration  (mg/ml) 

Target  Concentration  Study  Referee 

Date  Mixed  (mg/ml)  Laboratory  (a)  Laboratory  (b) 


01/20/82 

1.2 

1.25 

1.18 

08/11/82 

0.6 

0.60 

0.655 

02/09/83 

3.6 

3.54 

3.50 

09/21/83 

6.0 

5.90 

5.99 

(a)  Results  of  duplicate  analysis;  concentrations  expressed  as  milligrams  per  milliliter  p-chloroaniline;  the  hydrochloride  was 
formed  during  dose  preparation. 

(b)  Results  of  triplicate  analysis 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


26 


II.  MATERIALS  AND  METHODS 


SIXTEEN-DAY  STUDIES 

Male  and  female  F344/N  rats  and  B6C3Fi  mice 
were  obtained  from  Charles  River  Breeding  Lab- 
oratories and  held  for  14  days  (rats)  or  15  days 
(mice)  before  the  studies  began.  The  rats  were 
approximately  7 weeks  old  when  placed  on 
study,  and  the  mice  were  8 weeks  old. 

Groups  of  five  rats  and  mice  of  each  sex  were  ad- 
ministered 25,  50,  100,  200,  or  400  mg/kg  p-chlo- 
roaniline  by  gavage  in  aqueous  hydrochloric 
acid,  5 days  per  week  for  a total  of  12  doses  over 
16  days.  Vehicle  controls  received  deionized  wa- 
ter by  gavage. 

Animals  were  housed  five  per  cage.  Water  and 
feed  were  available  ad  libitum.  Rats  and  mice 
were  observed  twice  per  day.  A necropsy  was 
performed  on  all  animals.  Details  of  animal 
maintenance  are  presented  in  Table  6. 

THIRTEEN-WEEK  STUDIES 

Thirteen-week  studies  were  conducted  to  evalu- 
ate the  cumulative  toxic  effects  of  repeated  ad- 
ministration of  p-chloroaniline  hydrochloride 
and  to  determine  the  doses  to  be  used  in  the 
2-year  studies. 

Four-week-old  male  and  female  F344/N  rats  and 
6-week-old  male  and  female  B6C3Fi  mice  were 
obtained  from  Harlan  Industries,  observed  for  19 
days,  distributed  to  weight  classes,  and  assigned 
to  dose  groups  according  to  a table  of  random 
numbers.  Rats  were  approximately  7 weeks  old 
when  placed  on  study,  and  mice  were  9 weeks 
old. 

Groups  of  10  rats  of  each  sex  were  administered 
5,  10,  20,  40,  or  80  mg/kg  p-chloroaniline  by  ga- 
vage in  water  acidified  with  hydrochloric  acid,  5 
days  per  week  for  13  weeks  for  a total  of  64  or  65 
doses.  Groups  of  10  mice  of  each  sex  were  ad- 
ministered 7.5,  15,  30,  60,  or  120  mg/kg  on  the 
same  schedule  for  a total  of  66  or  67  doses.  Vehi- 
cle controls  received  deionized  water  by  gavage. 

Rats  and  mice  were  housed  five  per  cage.  Feed 
and  water  were  available  ad  libitum.  Animals 
were  observed  two  times  per  day;  moribund  ani- 
mals were  killed.  Individual  animal  weights 


were  recorded  once  per  week.  Further  experi- 
mental details  are  summarized  in  Table  6. 

At  the  end  of  the  13-week  studies,  survivors 
were  killed.  A necropsy  was  performed  on  all 
animals  except  those  excessively  autolyzed  or 
cannibalized.  Tissues  and  groups  examined  are 
listed  in  Table  6. 

On  the  day  of  necropsy,  blood  was  taken  for  he- 
matologic and  methemoglobin  determinations 
from  the  vena  cava  of  pentobarbital-anesthe- 
tized rats  or  from  the  retro-orbital  sinus  of  un- 
anesthetized mice.  Blood  was  collected  in  Bec- 
ton-Dickinson®  microtainers  containing  sodium 
EDTA.  Hematologic  analyses  were  performed 
with  an  Ortho  ELT-8  Hematology  Analyzer. 
The  methemoglobin  concentration  was  deter- 
mined by  the  method  of  Evelyn  and  Malloy 
(1938). 

TWO-YEAR  STUDIES 
Study  Design 

Groups  of  49  or  50  rats  of  each  sex  were  admin- 
istered 2,  6,  or  18  mg/kg  p-chloroaniline  by  ga- 
vage in  aqueous  hydrochloric  acid,  5 days  per 
week  for  103  weeks.  Groups  of  50  mice  of  each 
sex  were  administered  3,  10,  or  30  mg/kg  on  the 
same  schedule.  Vehicle  controls  received  de- 
ionized water  by  gavage. 

Source  and  Specifications  of  Animals 

The  male  and  female  F344/N  rats  used  in  these 
studies  were  produced  under  strict  barrier  condi- 
tions at  Charles  River  Breeding  Laboratories, 
and  the  B6C3Fi  (C57BL/6N,  female  X C3H/ 
HeN  MTV-,  male)  mice  used  in  these  studies 
were  produced  at  Frederick  Cancer  Research 
Center.  Breeding  stock  for  the  foundation  colo- 
nies at  the  production  facilities  originated  at  the 
National  Institutes  of  Health  Repository.  Ani- 
mals shipped  for  study  were  progeny  of  defined 
microflora-associated  parents  that  were  trans- 
ferred from  isolators  to  barrier-maintained 
rooms.  Rodents  were  shipped  to  the  study  labo- 
ratory at  5-6  weeks  of  age.  Rats  were  quaran- 
tined at  the  study  laboratory  for  20  days  and 
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TABLE  6.  EXPERIMENTAL  DESIGN  AND  MATERIALS  AND  METHODS  IN  THE  GAVAGE  STUDIES 

OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Sixteen-Day 

Studies 


Thirteen-Week 

Studies 


Two-Year 

Studies 


EXPERIMENTAL  DESIGN 

Size  of  Study  Groups 
5 males  and  5 females  of  each  species 

Doses 

25, 50, 100,  200,  or  400  mg/kg  p-chloro- 
aniline  by  gavage  in  aqueous  hydro- 
chloric acid  (molar  equivalents); 
dose  vol--5  ml/kg;  vehicle  controls 
received  deionized  water  by  gavage 


Date  of  First  Dose 

Rats- 2/3/81;  mice-2/4/81 

Date  of  Last  Dose 

Rats— 2/18/81;  mice-2/19/8l 


Duration  of  Dosing 

12  doses  over  16  d 


Necropsy,  Histologic  Examinations, 
Necropsy  performed  on  all  animals; 
histologic  exams  performed  on  2 males 
and  2 females  in  the  vehicle  control  and 
100  mg/kg  groups.  Tissues  examined 
include:  adrenal  glands,  bone  marrow, 
brain,  colon,  esophagus,  gallbladder 
(mice),  heart,  jejunum,  kidneys,  liver, 
lungs  and  mainstem  bronchi,  mandib- 
ular lymph  nodes,  pancreas,  parathy- 
roid glands,  pituitary  gland,  prostate/ 
testes  or  ovaries/uterus,  regional  lymph 
nodes,  salivary  glands,  seminal  vesicles 
(mice),  skin,  spleen,  stomach,  thymus, 
thyroid  gland,  tissue  masses,  trachea, 
and  urinary  bladder.  Spleen  examined 
from  2 males  and  2 females  in  the 
25  mg/kg  groups 


10  males  and  10  females  of  each 
species 

Rats--5, 10,  20,  40,  or  80  mg/kg  p-chlo- 
roaniline  by  gavage  in  aqueous  hydro- 
chloric acid  (molar  equivalents); 
mice -7.5, 15,  30,  60,  or  120  mg/kg; 
dose  vol-5  ml/kg;  vehicle  controls 
received  deionized  water  by  gavage 


3/30/81 


Rats-male:  6/26/81;  female:  6/29/81; 
mice-male:  6/30/81;  female:  7/1/81 


5 d/wk  for  13  wk 


and  Supplemental  Studies 

Necropsy  and  histologic  exams  per- 
formed on  all  vehicle  control  and  high 
dose  animals;  the  following  tissues 
were  examined:  adrenal  glands,  bone 
marrow,  brain,  colon,  duodenum, 
esophagus,  gallbladder  (mice),  gross 
lesions,  heart,  ileum,  jejunum,  kidneys, 
liver,  lungs  and  mainstem  bronchi, 
mandibular  lymph  nodes,  nasal  cav- 
ity, pancreas,  parathyroid  glands,  pitu- 
itary gland,  prostate/testes  or  ovaries/ 
uterus,  rectum,  regional  lymph  nodes 
(rats),  salivary  glands,  skin,  spleen, 
stomach,  thymus,  thyroid  gland,  tissue 
masses  (rats),  trachea,  and  urinary 
bladder.  Tissues  examined  in  the 
lower  dose  groups  include:  adrenal 
glands  (mice),  bone  marrow,  kidneys, 
liver,  lungs  and  bronchi  (mice),  nasal 
cavity  (rats),  spleen  (rats),  and  stomach 
(mice).  Organ  weights  obtained  at 
necropsy  include  brain,  heart,  liver, 
lungs,  right  kidney,  spleen,  testes,  and 
thymus;  hematologic  and  methemo- 
globin  determinations  performed 


49  or  50  males  and  50  females  of  each 
species 

Rats-2, 6,  or  18  mg/kg  p-chloroaniline  by 
gavage  in  aqueous  hydrochloric  acid  (molar 
equivalents);  mice -3, 10,  or  30  mg/kg; 
dose  vol-5  ml/kg;  vehicle  controls 
received  deionized  water  by  gavage 


Observed  2 X d;  weighed  1 X wk  for  13 
wk  and  then  1 X mo 


Necropsy  performed  on  all  animals;  histo- 
logic exams  performed  on  all  vehicle  control 
and  high  dose  animals  and  on  all  animals 
dying  before  the  end  of  the  studies.  Tissues 
examined  include:  adrenal  glands,  brain, 
colon,  esophagus,  eyes  (if  grossly  abnormal), 
gallbladder  (mice),  gross  lesions,  heart,  kid- 
neys, liver,  lungs  and  mainstem  bronchi, 
mammary  gland,  mandibular  or  mesenteric 
lymph  nodes,  pancreas,  parathyroid  glands, 
pituitary  gland,  prostate/testes  or  ovaries/ 
uterus,  regional  lymph  nodes,  salivary 
glands,  skin,  small  intestine,  spinal  cord  (if 
neurologic  signs  present),  spleen,  sterne- 
brae  or  vertebrae  or  femur  including  mar- 
row, stomach,  thymus,  thyroid  gland,  tissue 
masses,  trachea,  and  urinary  bladder.  Tis- 
sues examined  in  the  lower  dose  groups  in- 
clude: adrenal  glands,  bone,  bone  marrow, 
kidneys,  liver,  spleen,  and  testes  for  rats 
and  liver  and  spleen  for  mice.  Hematologic 
and  methemoglobin  determinations  per- 
formed for  rats  at  6, 12, 18,  and  24  mo 


F344/N  rats;  B6C3FJ  mice 


Type  and  Frequency  of  Observation 

Observed  2 X d;  weighed  1 X wk  Observed  2 X d;  weighed  initially 

and  1 X wk  thereafter 


Rats-- 1/25/82;  mice-2/8/82 
Rats-1/13/84;  mice-1/27/84 

5 d/wk  for  103  wk 


ANIMALS  AND  ANIMAL  MAINTENANCE 
Strain  and  Species 

F344/N  rats;  B6C3F!  mice  F344/N  rats;  B6C3Ft  mice 
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TABLE  6.  EXPERIMENTAL  DESIGN  AND  MATERIALS  AND  METHODS  IN  THE  GAVAGE  STUDIES 

OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Sixteen-Day 

Studies 


Thirteen-Week 

Studies 


Two-Year 

Studies 


ANIMALS  AND  ANIMAL  MAINTENANCE  (Continued) 


Animal  Source 

Charles  River  Breeding  Laboratories 
(Kingston,  NY) 


Study  Laboratory 
Battelle  Columbus  Laboratories 

Method  of  Animal  Identification 
Toe  mark 

Time  Held  Before  Study 

Rats-14  d;  mice-15  d 

Age  When  Placed  on  Study 

Rats-7  wk;  mice-8  wk 

Age  When  Killed 

Rats-9  wk;  mice-10  wk 

Necropsy  Dates 

Rats-2/1 9/81;  mice- 2/20/81 


Method  of  Animal  Distribution 

Animals  distributed  to  weight  classes 
and  assigned  to  cages  by  one  table  of 
random  numbers  and  to  groups  by 
another  table  of  random  numbers 

Feed 

NIH  07  Rat  and  Mouse  Ration  (Zeigler 
Bros.,  Inc.,  Gardners,  PA);  available 
ad  libitum 

Bedding 

Absorb-dri  hardwood  chips  (Absorb- 
Dri,  Inc.,  Garfield,  NJ) 

Water 

Automatic  watering  system  (Edstrom 
Industries,  Waterford,  WI);  available 
ad  libitum 

Cages 

Polycarbonate  (Lab  Products,  Inc., 
Rochelle  Park,  NJ) 

Cage  Filters 

Spun-bonded  polyester,  Dupont  2024® 
(Snow  Filtration,  Cincinnati,  OH) 

Animals  per  Cage 

5 


Harlan  Industries  (Indianapolis,  IN) 

Battelle  Columbus  Laboratories 
Toe  mark 
19  d 

Rats-7  wk;  mice-9  wk 

Rats-20  wk;  mice-22  wk 

Rats-male:  6/29/81;  female:  6/30/81; 
mice-male:  7/1/81;  female:  7/2/81 

Same  as  16-d  studies 

Same  as  16-d  studies 

Same  as  16-d  studies 
Same  as  16-d  studies 

Polycarbonate  (Lab  Products,  Inc., 
Garfield,  NJ) 

Same  as  16-d  studies 

5 


Rats-Charles  River  Breeding  Laboratories 
(Kingston,  NY);  mice-Frederick  Cancer 
Research  Center  (Frederick,  MD) 

Battelle  Columbus  Laboratories 

Toe  clip  and  ear  mark 

Rats-20  d;  mice- 12  d 

Rats-8  wk;  mice-7  wk 

Rats-112  wk;  mice-1 11  wk 

Rats- 1/24/84- 1/27/84; 
mice— 2/6/84-2/1 0/84 

Same  as  16-d  studies 

Same  as  16-d  studies 

Same  as  16-d  studies 
Same  as  16-d  studies 

Same  as  16-d  studies 
Same  as  16-d  studies 
5 

None 


Chemicals  on  Study  in  the  Same  Room 

None  None 
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TABLE  6.  EXPERIMENTAL  DESIGN  AND  MATERIALS  AND  METHODS  IN  THE  GAVAGE  STUDIES 

OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Sixteen-Day 

Studies 

Thirteen-Week 

Studies 

Two-Year 

Studies 

ANIMALS  AND  ANIMAL  MAINTENANCE  (Continued) 
Animal  Room  Environment 

Temp~70°-74°  F;  hum~40%-60%; 
fluorescent  light  12  h/d; 

15  room  air  changes/h 

Same  as  16-d  studies 

Temp  -64°-82°  F;  hum-24%-75%; 
fluorescent  light  12  h/d; 
at  least  15  room  air  changes/h 

mice  for  12  days.  Thereafter,  a complete  nec- 
ropsy was  performed  on  five  animals  of  each  sex 
and  species  to  assess  their  health  status.  The  ro- 
dents were  placed  on  study  at  7-8  weeks  of  age. 
The  health  of  the  animals  was  monitored  during 
the  course  of  the  studies  according  to  the  proto- 
cols of  the  NTP  Sentinel  Animal  Program  (Ap- 
pendix E). 

Animal  Maintenance 

Animals  were  housed  five  per  cage.  Feed  and 
water  were  available  ad  libitum.  Cages  and 
racks  were  rotated.  Further  details  of  animal 
maintenance  are  given  in  Table  6. 

Clinical  Examinations  and  Pathology 

Blood  samples  for  hematologic  and  methemo- 
globin  determinations  were  collected  in  Vacu- 
tainers®  containing  EDTA  by  retro-orbital  punc- 
ture from  15  randomly  selected  rats  from  each 
group  at  6,  12,  18,  and  24  months.  Rats  were 
dosed  for  2 consecutive  days  before  blood  col- 
lection except  at  24  months  when  collection  was 
performed  11-14  days  after  administration  of  the 
last  dose.  Hematologic  analyses  were  performed 
with  an  Ortho  ELT-8  Hematology  Analyzer; 
methemoglobin  concentration  was  determined 
by  the  method  of  Evelyn  and  Malloy  (1938). 

All  animals  were  observed  two  times  per  day. 
Clinical  signs  were  recorded  once  per  week  for 
13  weeks  and  then  at  least  once  per  month.  Indi- 
vidual body  weights  were  recorded  once  per 
week  for  the  first  13  weeks  of  the  studies  and 
once  per  month  thereafter.  Mean  body  weights 
were  calculated  for  each  group.  Animals  found 
moribund  and  those  surviving  to  the  end  of  the 
studies  were  humanely  killed.  A necropsy  was 


performed  on  all  animals  including  those  found 
dead,  unless  they  were  excessively  autolyzed  or 
cannibalized,  missexed,  or  missing.  Thus,  the 
number  of  animals  from  which  particular  organs 
or  tissues  were  examined  microscopically  varies 
and  is  not  necessarily  equal  to  the  number  of  an- 
imals that  were  placed  on  study. 

During  necropsy,  all  organs  and  tissues  were  ex- 
amined for  grossly  visible  lesions.  Tissues  were 
preserved  in  10%  neutral  buffered  formalin,  em- 
bedded in  paraffin,  sectioned,  and  stained  with 
hematoxylin  and  eosin.  Histopathologic  exami- 
nation of  tissues  was  performed  according  to  an 
"inverse  pyramid”  design  (McConnell,  1983a, b). 
That  is,  complete  histopathologic  examinations 
(Table  6)  were  performed  on  all  high  dose  and 
vehicle  control  animals  and  on  lower  dose  ani- 
mals dying  before  the  end  of  the  study.  In  addi- 
tion, histopathologic  examinations  were  per- 
formed on  all  grossly  visible  lesions  in  all  dose 
groups.  Potential  target  organs  for  chemically 
related  neoplastic  and  nonneoplastic  effects 
were  identified  from  the  short-term  studies  or 
the  literature  and  were  determined  by  examina- 
tion of  the  pathology  data;  these  target  or- 
gans/tissues in  the  lower  dose  groups  were  ex- 
amined histopathologically.  If  mortality  in  the 
highest  dose  group  exceeded  that  in  the  vehicle 
control  group  by  15%,  complete  histopathologic 
examinations  were  performed  on  all  animals  in 
the  second  highest  dose  group  in  addition  to 
those  in  the  high  dose  group. 

When  the  pathology  evaluation  was  completed, 
the  slides,  paraffin  blocks,  and  residual  wet  tis- 
sues were  sent  to  the  NTP  Archives  for  inven- 
tory, slide/block  match,  and  wet  tissue  audit. 
The  slides,  individual  animal  data  records,  and 
pathology  tables  were  sent  to  an  independent 
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quality  assessment  laboratory.  The  individual 
animal  records  and  tables  were  compared  for  ac- 
curacy, slides  and  tissue  counts  were  verified, 
and  histotechnique  was  evaluated.  All  tumor  di- 
agnoses, all  target  tissues,  and  all  tissues  from  a 
randomly  selected  10%  of  the  animals  were  eval- 
uated by  a quality  assessment  pathologist.  The 
quality  assessment  report  and  slides  were  sub- 
mitted to  the  Pathology  Working  Group  (PWG) 
Chairperson,  who  reviewed  all  target  tissues 
and  those  about  which  there  was  a disagreement 
between  the  laboratory  and  quality  assessment 
pathologists. 

Representative  slides  selected  by  the  Chairper- 
son were  reviewed  by  the  PWG,  which  includes 
the  laboratory  pathologist,  without  knowledge  of 
previously  rendered  diagnoses.  When  the  con- 
sensus diagnosis  of  the  PWG  differed  from  that 
of  the  laboratory  pathologist,  the  laboratory  pa- 
thologist was  asked  to  reconsider  the  original  di- 
agnosis. This  procedure  has  been  described,  in 
part,  by  Maronpot  and  Boorman  (1982)  and 
Boorman  et  al.  (1985).  The  final  diagnoses  rep- 
resent a consensus  of  contractor  pathologists  and 
the  NTP  Pathology  Working  Group.  For  subse- 
quent analysis  of  pathology  data,  the  diagnosed 
lesions  for  each  tissue  type  are  combined  accord- 
ing to  the  guidelines  of  McConnell  et  al.  (1986). 

Slides/tissues  are  generally  not  evaluated  in  a 
blind  fashion  (i.e.,  without  knowledge  of  dose 
group)  unless  the  lesions  in  question  are  subtle 
or  unless  there  is  an  inconsistent  diagnosis  of  le- 
sions by  the  laboratory  pathologist.  Nonneo- 
plastic lesions  are  not  examined  routinely  by  the 
quality  assessment  pathologist  or  PWG  unless 
they  are  considered  part  of  the  toxic  effect  of  the 
chemical. 

Statistical  Methods 

Survival  Analyses:  The  probability  of  survival 
was  estimated  by  the  product-limit  procedure  of 
Kaplan  and  Meier  (1958)  and  is  presented  in  the 
form  of  graphs.  Animals  were  censored  from  the 
survival  analyses  at  the  time  they  were  found  to 
be  missing  or  dead  from  other  than  natural 
causes;  animals  dying  from  natural  causes  were 
not  censored.  Statistical  analyses  for  a possible 
dose-related  effect  on  survival  used  the  method 
of  Cox  (1972)  for  testing  two  groups  for  equality 


and  Tarone’s  (1975)  life  table  test  for  a dose- 
related  trend.  When  significant  survival  differ- 
ences were  detected,  additional  analyses  using 
these  procedures  were  carried  out  to  determine 
the  time  point  at  which  significant  differences  in 
the  survival  curves  were  first  detected.  All  re- 
ported P values  for  the  survival  analysis  are 
two-sided. 

Calculation  of  Incidence:  The  incidence  of  neo- 
plastic or  nonneoplastic  lesions  is  given  as  the 
ratio  of  the  number  of  animals  bearing  such  le- 
sions at  a specific  anatomic  site  to  the  number  of 
animals  in  which  that  site  was  examined.  In 
most  instances,  the  denominators  include  only 
those  animals  for  which  the  site  was  examined 
histologically.  However,  when  macroscopic  ex- 
amination was  required  to  detect  lesions  (e.g., 
skin  or  mammary  tumors)  prior  to  histologic 
sampling,  or  when  lesions  could  have  appeared 
at  multiple  sites  (e.g.,  lymphomas),  the  denomi- 
nators consist  of  the  number  of  animals  on  which 
a necropsy  was  performed. 

Analysis  of  Tumor  Incidence:  The  majority  of 
tumors  in  this  study  were  considered  to  be  in- 
cidental to  the  cause  of  death  or  not  rapidly 
lethal.  Thus,  the  primary  statistical  method 
used  was  a logistic  regression  analysis,  which 
assumed  that  the  diagnosed  tumors  were  dis- 
covered as  the  result  of  death  from  an  unrelated 
cause  and  thus  did  not  affect  the  risk  of  death. 
In  this  approach,  tumor  prevalence  was  modeled 
as  a logistic  function  of  chemical  exposure  and 
time.  Both  linear  and  quadratic  terms  in  time 
were  incorporated  initially,  and  the  quadratic 
term  was  eliminated  if  it  did  not  significantly 
enhance  the  fit  of  the  model.  The  dosed  and  ve- 
hicle control  groups  were  compared  on  the  basis 
of  the  likelihood  score  test  for  the  regression  co- 
efficient of  dose.  This  method  of  adjusting  for  in- 
tercurrent mortality  is  the  prevalence  analysis 
of  Dinse  and  Lagakos  (1983),  further  described 
and  illustrated  by  Dinse  and  Haseman  (1986). 
When  tumors  are  incidental,  this  comparison  of 
the  time-specific  tumor  prevalences  also  pro- 
vides a comparison  of  the  time-specific  tumor  in- 
cidences (McKnight  and  Crowley,  1984). 

In  addition  to  logistic  regression,  alternative 
methods  of  statistical  analysis  were  used,  and 
the  results  of  these  tests  are  summarized  in  the 
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appendixes.  These  include  the  life  table  test 
(Cox,  1972;  Tarone,  1975),  appropriate  for  rapid- 
ly lethal  tumors,  and  the  Fisher  exact  test  and 
the  Cochran-Armitage  trend  test  (Armitage, 
1971;  Gart  et  al.,  1979),  procedures  based  on  the 
overall  proportion  of  tumor-bearing  animals. 

Tests  of  significance  include  pairwise  compari- 
sons of  each  dosed  group  with  vehicle  controls 
and  a test  for  an  overall  dose-response  trend. 
Continuity-corrected  tests  were  used  in  the  anal- 
ysis of  tumor  incidence,  and  reported  P values 
are  one-sided.  The  procedures  described  above 
also  were  used  to  evaluate  selected  nonneo- 
plastic lesions.  (For  further  discussion  of  these 
statistical  methods,  see  Haseman,  1984.) 

Historical  Control  Data:  Although  the  concur- 
rent control  group  is  always  the  first  and  most 
appropriate  control  group  used  for  evaluation, 
there  are  certain  instances  in  which  historical 
control  data  can  be  helpful  in  the  overall  assess- 
ment of  tumor  incidence.  Consequently,  control 
tumor  incidences  from  the  NTP  historical  con- 
trol data  base  (Haseman  et  al.,  1984,  1985)  are 
included  for  those  tumors  appearing  to  show 
compound-related  effects. 

GENETIC  TOXICOLOGY 

Salmonella  Protocol : Testing  was  performed  as 
reported  by  Ames  et  al.  (1975)  with  modifica- 
tions listed  below  and  described  in  greater  detail 
by  Haworth  et  al.  (1983)  and  Mortelmans  et  al. 
(1986).  Chemicals  were  sent  to  three  different 
laboratories  as  coded  aliquots  from  Radian  Cor- 
poration (Austin,  Texas).  The  study  chemical 
was  incubated  with  the  Salmonella  typhimuri- 
um  tester  strains  (TA97,  TA98,  TA100,  TA1535, 
and/or  TA1537)  either  in  buffer  or  S9  mix  (meta- 
bolic activation  enzymes  and  cofactors  from  Aro- 
clor  1254-induced  male  Sprague  Dawley  rat  or 
Syrian  hamster  liver)  for  20  minutes  at  37°  C 
before  the  addition  of  soft  agar  supplemented 
with  L-histidine  and  D-biotin  and  subsequent 
plating  on  minimal  glucose  agar  plates.  Incuba- 
tion was  continued  for  an  additional  48  hours. 

Chemicals  were  tested  in  a series  (four  strains 
used)  or  in  a hierarchy  (initial  testing  in  TA98 
and  TA100;  if  results  were  negative,  then  the 
chemical  was  tested  further  in  additional 


strains).  If  all  results  were  negative,  the  chemi- 
cal was  retested  in  all  strains  with  a different 
concentration  of  S9. 

Each  test  consisted  of  triplicate  plates  of  concur- 
rent positive  and  negative  controls  and  of  at 
least  five  doses  of  the  study  chemical.  The  high 
dose  was  limited  by  toxicity  or  solubility  but  did 
not  exceed  10  mg/plate.  All  negative  assays 
were  repeated,  and  all  positive  assays  were  re- 
peated under  the  conditions  that  elicited  the 
positive  response. 

A positive  response  was  defined  as  a reproduci- 
ble, dose-related  increase  in  histidine-indepen- 
dent (revertant)  colonies  in  any  one  strain/ac- 
tivation combination.  An  equivocal  response 
was  defined  as  an  increase  in  revertants  which 
was  not  dose  related,  not  reproducible,  or  of  in- 
sufficient magnitude  to  support  a determination 
of  mutagenicity.  A response  was  considered  neg- 
ative when  no  increase  in  revertant  colonies  was 
observed  after  chemical  treatment. 

Mouse  Lymphoma  Protocol : The  experimental 
protocol  is  presented  in  detail  by  Myhr  et  al. 
(1985)  and  follows  the  basic  format  of  Clive  et  al. 
(1979).  All  study  chemicals  were  supplied  as 
coded  aliquots  from  Radian  Corporation  (Austin, 
Texas).  The  highest  dose  of  the  study  compound 
was  determined  by  solubility  or  toxicity  and  did 
not  exceed  1 mg/ml.  Mouse  lymphoma  L5178Y 
cells  were  maintained  at  37°  C as  suspension  cul- 
tures in  Fischer’s  medium  supplemented  with  2 
mM  L-glutamine,  110  pg/ml  sodium  pyruvate, 
0.05%  pluronic  F68,  antibiotics,  and  heat-inac- 
tivated horse  serum;  normal  cycling  time  was 
about  10  hours.  To  reduce  the  number  of  spon- 
taneously occurring  trifluorothymidine  (Tft)-re- 
sistant  cells,  subcultures  were  exposed  once  to 
medium  containing  thymidine,  hypoxanthine, 
methotrexate,  and  glycine  for  1 day,  to  thymi- 
dine, hypoxanthine,  and  glycine  for  1 day,  and  to 
normal  medium  for  3-5  days.  For  cloning,  horse 
serum  content  was  increased  and  Noble  agar 
was  added.  Freshly  prepared  S9  metabolic  ac- 
tivation factors  were  obtained  from  the  liver  of 
either  Aroclor  1254-induced  or  noninduced  male 
F344  rats. 

All  doses  within  an  experiment,  including 
concurrent  positive  and  solvent  controls,  were 
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replicated.  Treated  cultures  contained  6 X 10 
cells  in  10  ml  of  medium.  This  volume  included 
the  S9  fraction  in  those  experiments  performed 
with  metabolic  activation.  Incubation  with  the 
study  chemical  continued  for  4 hours,  after 
which  time  the  medium  plus  chemical  was  re- 
moved and  the  cells  were  resuspended  in  20  ml 
of  fresh  medium  and  incubated  for  an  additional 
2 days  to  express  the  mutant  phenotype.  Cell 
density  was  monitored  so  that  log  phase  growth 
was  maintained.  After  the  48-hour  expression 
period,  3 X 106  cells  were  plated  in  medium  and 
soft  agar  supplemented  with  Tft  for  selection  of 
Tft-resistant  cells  (TK+/+),  and  600  cells  were 
plated  in  nonselective  medium  and  soft  agar  to 
determine  cloning  efficiency.  Plates  were  incu- 
bated at  37°  C under  5%  carbon  dioxide  for  10-12 
days.  All  data  were  evaluated  statistically  for 
both  trend  and  peak  response.  Both  responses 
had  to  be  significant  (P<0.05)  for  a chemical  to 
be  considered  capable  of  inducing  Tft  resistance; 
a single  significant  response  led  to  an  "equiv- 
ocal” conclusion,  and  the  absence  of  both  a trend 
and  a peak  response  resulted  in  a "negative” 
call. 

Minimum  criteria  for  accepting  an  experiment 
as  valid  and  a detailed  description  of  the  statis- 
tical analysis  and  data  evaluation  are  presented 
in  Myhr  et  al.  (1985).  This  assay  was  initially 
performed  without  S9;  if  a clearly  positive  re- 
sponse was  not  obtained,  the  experiment  was  re- 
peated with  induced  S9. 

Chinese  Hamster  Ovary  Cytogenetics  Assays: 
Testing  was  performed  as  reported  by  Galloway 
et  al.  (1985, 1987)  and  is  described  briefly  below. 
Chemicals  were  sent  to  the  laboratories  as  coded 
aliquots  from  Radian  Corporation  (Austin, 
Texas).  Chemicals  were  tested  in  cultured  Chi- 
nese hamster  ovary  (CHO)  cells  for  induction  of 
sister  chromatid  exchanges  (SCEs)  and  chromo- 
somal aberrations  both  in  the  presence  and  ab- 
sence of  Aroclor  1254-induced  male  Sprague 
Dawley  rat  liver  S9  and  cofactor  mix.  Cultures 
were  handled  under  gold  lights  to  prevent  photo- 
lysis of  bromodeoxyuridine  (BrdU)-substituted 
DNA.  Each  test  consisted  of  concurrent  solvent 
and  positive  controls  and  of  at  least  three  doses 
of  the  study  chemical;  the  high  dose  was  limited 
by  toxicity  or  solubility  but  did  not  exceed  5 
mg/ml. 


In  the  SCE  test  without  S9,  CHO  cells  were  incu- 
bated for  26  hours  with  the  study  chemical  in 
McCoy’s  5 A medium  supplemented  with  10%  fe- 
tal bovine  serum,  L-glutamine  (2  mM),  and  anti- 
biotics. BrdU  was  added  2 hours  after  culture 
initiation.  After  26  hours,  the  medium  contain- 
ing the  study  chemical  was  removed  and  re- 
placed with  fresh  medium  plus  BrdU  and  colce- 
mid,  and  incubation  was  continued  for  2 more 
hours.  Cells  were  then  harvested  by  mitotic 
shake-off,  fixed,  and  stained  with  Hoechst  33258 
and  Giemsa.  In  the  SCE  test  with  S9,  cells  were 
incubated  with  the  chemical,  serum-free 
medium,  and  S9  for  2 hours.  The  medium  was 
then  removed  and  replaced  with  medium  con- 
taining BrdU  and  no  study  chemical;  incubation 
proceeded  for  an  additional  26  hours,  with  colce- 
mid  present  for  the  final  2 hours.  Harvesting 
and  staining  were  the  same  as  for  cells  treated 
without  S9. 

In  the  chromosomal  aberration  test  without  S9, 
cells  were  incubated  in  McCoy’s  5A  medium 
with  the  study  chemical  for  8 hours;  colcemid 
was  added,  and  incubation  was  continued  for  2 
hours.  The  cells  were  then  harvested  by  mitotic 
shake-off,  fixed,  and  stained  with  Giemsa.  For 
the  chromosomal  aberration  test  with  S9,  cells 
were  treated  with  the  study  chemical  and  S9  for 
2 hours,  after  which  the  treatment  medium  was 
removed  and  the  cells  were  incubated  for  10 
hours  in  fresh  medium,  with  colcemid  present 
for  the  final  2 hours.  Cells  were  harvested  in  the 
same  manner  as  for  the  treatment  without  S9. 

For  the  SCE  test,  if  significant  chemical-induced 
cell  cycle  delay  was  seen,  incubation  time  was 
lengthened  to  ensure  a sufficient  number  of 
scorable  cells.  The  harvest  time  for  the  chromo- 
somal aberration  test  was  based  on  the  cell  cycle 
information  obtained  in  the  SCE  test;  if  cell 
cycle  delay  was  anticipated,  the  incubation  peri- 
od was  extended  approximately  5 hours. 

Cells  were  selected  for  scoring  on  the  basis  of 
good  morphology  and  completeness  of  karyotype 
(21  ± 2 chromosomes).  All  slides  were  scored 
blind,  and  those  from  a single  test  were  read  by 
the  same  person.  For  the  SCE  test,  50  second- 
division  metaphase  cells  were  usually  scored  for 
frequency  of  SCEs  per  cell  from  each  dose;  100 
first-division  metaphase  cells  were  scored  at 
each  dose  for  the  chromosomal  aberration  test. 
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II.  MATERIALS  AND  METHODS 


Classes  of  aberrations  included  simple  (breaks 
and  terminal  deletions),  complex  (rearrange- 
ments and  translocations),  and  other  (pulverized 
cells,  despiralized  chromosomes,  and  cells  con- 
taining 10  or  more  aberrations). 

Statistical  analyses  were  conducted  on  both  the 
slopes  of  the  dose-response  curves  and  the  indi- 
vidual dose  points.  An  SCE  frequency  20% 
above  the  concurrent  solvent  control  value  was 
chosen  as  a statistically  conservative  positive 


response.  The  probability  of  this  level  of  differ- 
ence occurring  by  chance  at  one  dose  point  is  less 
than  0.01;  the  probability  for  such  a chance  oc- 
currence at  two  dose  points  is  less  than  0.001. 
Chromosomal  aberration  data  are  presented  as 
percentage  of  cells  with  aberrations.  As  with 
SCEs,  both  the  dose-response  curve  and  individ- 
ual dose  points  were  statistically  analyzed.  A 
statistically  significant  (P<  0.003)  trend  test  or 
a significantly  increased  dose  point  (P<0.05) 
was  sufficient  to  indicate  a chemical  effect. 
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III.  RESULTS 
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III.  RESULTS:  RATS 


SIXTEEN-DAY  STUDIES 

All  rats  that  received  200  or  400  mg/kg  p-chloro- 
aniline  hydrochloride  died  within  5 days  (Ta- 
ble 7).  The  final  mean  body  weights  of  rats  that 
received  100  mg/kg  were  19%  lower  than  that  of 
vehicle  controls  for  males  and  5%  lower  for  fe- 
males. Compound-related  clinical  signs  in- 
cluded blue  extremities  and  eyes,  indicative  of 


cyanosis.  Rats  that  received  200  or  400  mg/kg 
were  lethargic,  and  rats  that  received  25  or  50 
mg/kg  had  labored  breathing.  Splenic  enlarge- 
ment was  observed  at  25,  50,  and  100  mg/kg. 
Sinusoidal  congestion  of  the  spleen  and  he- 
mosiderin deposition  in  the  renal  cortical  tubu- 
lar epithelial  cells  were  observed  in  2/2  males 
and  2/2  females  that  received  100  mg/kg. 


TABLE  7.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  SIXTEEN-DAY  GAVAGE 

STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 

Dose  (a)  Survival  (b)  Initial  (c)  Final  Change  (d)  to  Vehicle  Controls 

(mg/kg)  (percent) 


MALE 


0 

5/5 

125 

209 

+ 84 

25 

5/5 

124 

199 

+ 75 

95.2 

50 

5/5 

123 

196 

+ 73 

93.8 

100 

5/5 

125 

169 

+ 44 

80.9 

200 

(e)  0/5 

124 

(0 

(f) 

(0 

400 

(g)  0/5 

124 

(0 

(f) 

(0 

FEMALE 

0 

5/5 

105 

132 

+ 27 

25 

5/5 

105 

131 

+ 26 

99.2 

50 

5/5 

104 

133 

+ 29 

100.8 

100 

5/5 

105 

125 

+ 20 

94.7 

200 

(e)  0/5 

104 

(f) 

(f) 

(f) 

400 

(h)  0/5 

103 

(f) 

(f) 

(f> 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Number  surviving/number  initially  in  group 

(c)  Initial  group  mean  body  weight 

(d)  Mean  body  weight  change  of  the  group 

(e)  Day  of  death:  4,4, 4, 4, 5 

(f)  No  data  are  reported  due  to  the  100%  mortality  in  this  group. 

(g)  Day  of  death:  2, 2,2, 3, 3 

(h)  Day  of  death:  2, 2, 3, 3,3 
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III.  RESULTS:  RATS 


THIRTEEN-WEEK  STUDIES 

All  male  rats  lived  to  the  end  of  the  studies  (Ta- 
ble 8).  One  of  10  female  rats  that  received  80 
mg/kg  died  before  the  end  of  the  studies.  The  fi- 
nal mean  body  weights  of  rats  that  received  80 
mg/kg  were  16%  lower  than  that  of  vehicle  con- 
trols for  males  and  4%  lower  for  females.  The 
weights  of  brain,  liver,  thymus,  kidney,  heart, 
lung,  and  testis  for  dosed  groups  were  compara- 
ble to  those  of  vehicle  controls,  except  that  the 
brain  and  lung  weights  of  male  rats  at  80  mg/kg 
were  significantly  lower  than  those  of  vehicle 
controls  and  the  heart  and  kidney  weights  of  fe- 
male rats  were  significantly  greater  than  those 
of  vehicle  controls  (Table  FI).  Spleen  weights 
were  increased  in  dosed  groups,  and  a clear  dose- 
response  relationship  was  observed  (Figure  3; 
Table  FI).  Spleen  weights  were  not  recorded  for 
male  vehicle  controls,  but  the  spleens  of 
untreated  animals  of  comparable  age  weigh 
0.678-0.848  g (NTP  data  base).  The  hematocrit 


value,  the  hemoglobin  concentration,  and  the 
erythrocyte  count  for  all  dosed  groups  of  rats 
were  significantly  lower  than  those  for  vehicle 
controls  (Table  9;  Figures  4 and  5).  The  methe- 
moglobin  concentrations  for  all  dosed  groups  of 
rats  were  significantly  greater  than  those  for  ve- 
hicle controls.  Blood  samples  for  hematologic 
analysis  were  taken  72  (male)  or  24  (female) 
hours  after  administration  of  the  final  dose. 

This  time  difference  probably  contributed  to  the 
lower  methemoglobin  concentrations  observed 
for  males  compared  with  those  for  females. 
Compound-related  increases  were  seen  for  the 
number  of  segmented  neutrophils,  the  mean  cor- 
puscular hemoglobin,  the  mean  corpuscular  he- 
moglobin concentration,  the  mean  corpuscular 
volume,  and  the  numbers  of  nucleated  and  poly- 
chromatophilic  erythrocytes.  The  leukocyte 
count  and  lymphocyte  count  were  significantly 
increased  for  male  rats  at  40  mg/kg  (but  not  at 
80  mg/kg)  and  for  all  dosed  groups  of  female  rats. 


TABLE  8.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  p-CHLOROANILINE  HYDROCHLORIDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 


Dose  (a) 
(mg/kg) 

Survival  (b) 

Initial  (c) 

Final 

Change  (d) 

to  Vehicle  Controls 
(percent) 

MALE 

0 

10/10 

140  ± 3 

334  ± 9 

+ 194  ± 7 

5 

10/10 

135  ± 3 

338  ± 6 

+ 203  ± 5 

101 

10 

10/10 

137  ± 2 

345  ± 4 

+ 208  ± 4 

103 

20 

10/10 

135  ± 2 

338  ± 4 

+ 203  ± 4 

101 

40 

10/10 

137  ± 3 

325  ± 8 

+ 188  ± 5 

97 

80 

10/10 

136  ± 3 

280  ± 9 

+ 144  ± 8 

84 

FEMALE 

0 

10/10 

110  ± 2 

197  ± 2 

+ 87  ± 2 

5 

10/10 

109  ± 2 

199  ± 3 

+ 90  ± 2 

101 

10 

10/10 

111  ± 2 

197  ± 3 

+ 86  ± 3 

100 

20 

10/10 

109  ± 2 

194  ± 2 

+ 85  ± 2 

98 

40 

10/10 

107  ± 2 

192  ± 3 

+ 85  ± 3 

97 

80 

(e)9/10 

104  ± 2 

189  ± 3 

+ 84  ± 3 

96 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Number  surviving/number  initially  in  group 

(c)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(d)  Mean  body  weight  change  of  the  survivors  ± standard  error  of  the  mean 

(e)  Week  of  death:  3 
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Mean  Spleen  Weight  (g) 


10.0 


• Male  rats 
O Female  rats 


O.l 


0 


5 10  20  40  80 

Dose  (mg/kg) 


FIGURE  3.  SPLEEN  WEIGHTS  (MEAN  AND  STANDARD  DEVIATION)  OF  RATS  IN 
THE  THIRTEEN-WEEK  GAVAGE  STUDIES  OF 
p-CHLORO ANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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TABLE  9.  ANALYSIS  OF  HEMATOLOGIC  DATA  FOR  RATS  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  5 10  20  40  80 

Control  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg 


MALE 


Number  examined 

10 

10 

9 

10 

10 

10 

Leukocytes  (1,000/mm^) 

5.49  ± 

0.222 

6.28  ± 

0.227 

6.60  ± 

0.197 

6.55  ± 

0.109 

(b)  12.55  ± 

0.816 

(b)  3.47  ± 

0.231 

Lymphocytes  (1,000/mm^) 
Segmented  neutrophils 

4.64  ± 

0.274 

5.36  ± 

0.221 

5.38  ± 

0.132 

5.50  ± 

0.119 

(b)  10.34  ± 

0.638 

(b)  2.76  ± 

0.167 

(1,000/mm3) 

0.74  ± 

0.096 

0.86  ± 

0.072 

1.19  ± 

0.140 

1.00  ± 

0.078 

(b)  2.07  ± 

0.328 

0.66  ± 

0.094 

Monocytes  (1,000/mm3) 

0.06  ± 

0.021 

0.01  ± 

0.008 

0.00  ± 

0.000 

0.01  ± 

0.007 

0.08  ± 

0.032 

0.04  ± 

0.019 

Eosinophils  (1,000/mm3) 

0.05  ± 

0.015 

0.04  ± 

0.016 

0.03  ± 

0.016 

0.05  ± 

0.020 

0.06  ± 

0.023 

0.01  ± 

0.007 

Hematocrit  (percent) 

45.5  ± 

0.43 

(b)  42.8  ± 

0.49 

(b)  42.4  ± 

0.24 

(b)  42.7  ± 

0.37 

(b)  39.4  ± 

0.31 

(b)  36.5  ± 

0.43 

Hemoglobin  (g/dl) 

15.5  ± 

0.11 

(b)  14.7  ± 

0.17 

(b)  14.6  ± 

0.10 

(b)  15.1  ± 

0.13 

(b)  14.2  ± 

0.13 

(b)  13.4  ± 

0.16 

MCH(pg) 

16.9  ± 

0.06 

17.0  ± 

0.10 

(b)  17.9  ± 

0.12 

(b)  20.1  ± 

0.12 

(b)  23.5  ± 

0.15 

(b)  27.3  ± 

0.14 

MCHC  (g/dl) 

34.0  ± 

0.10 

34.3  ± 

0.19 

(b)  34.5  ± 

0.14 

(b)  35.3  ± 

0.14 

(b)  35.9  ± 

0.16 

(b)  36.6  ± 

0.13 

MCV  (cubic  microns) 
Methemoglobin  (percent 

50.1  ± 

0.18 

49.4  ± 

0.16 

(b)  51.8  ± 

0.28 

(b)  56.9  ± 

0.28 

(b)  65.1  ± 

0.41 

(b)  74.7  ± 

0.40 

ofhemoglobin) 

0.08  ± 

0.035 

(c)  0.59  ± 

0.098 

(c)  0.70  ± 

0.241 

(c)  0.68  ± 

0.195 

(c)  0.68  ± 

0.186 

(b)  0.86  ± 

0.155 

Nucleated  erythrocytes 

(1,000/mm3) 

0.00  ± 

0.000 

1.70  ± 

0.496 

(c)  3.44  ± 

0.603 

(c)  2.90  ± 

0.458 

(b)  8.70  ± 

1.359 

(b)  23.80  ± 

1.590 

Erythrocytes  (10®/mm3) 

9.14  ± 

0.056 

(b)  8.68  ± 

0.096 

(b)  8.18  ± 

0.035 

(b)  7.48  ± 

0.061 

(b)  6.07  ± 

0.063 

(b)  4.90  ± 

0.069 

FEMALE 

Number  examined 

10 

10 

10 

10 

10 

9 

Leukocytes  (1,000/mm3) 

4.57  ± 

0.321 

(c)  6.04  ± 

0.221 

(b)  8.09  ± 

0.278 

(b)  9.70  ± 

0.550 

(b)  10.26  ± 

0.781 

(b)  6.49  ± 

0.391 

Lymphocytes  (1,000/mm3) 
Segmented  neutrophils 

3.84  ± 

0.270 

(c)  5.14  ± 

0.232 

(b)  6.81  ± 

0.228 

(b)  7.99  ± 

0.479 

(b)  7.93  ± 

0.647 

(b)  5.13  ± 

0.332 

(1,000/mm3) 

0.68  ± 

0.081 

0.86  ± 

0.075 

(c)  1.17  ± 

0.138 

(b)  1.64  ± 

0.244 

(b)  2.26  ± 

0.241 

(b)  1.33  ± 

0.148 

Eosinophils  (1,000/mm3) 

0.05  ± 

0.016 

0.04  ± 

0.015 

0.10  ± 

0.028 

0.06  ± 

0.033 

0.06  ± 

0.028 

0.03  ± 

0.015 

Hematocrit  (percent) 

45.7  ± 

0.26 

(b)  43.8  ± 

0.29 

(b)  43.3  ± 

0.40 

(b)  42.5  ± 

0.34 

(b)  39.8  ± 

0.63 

(b)  36.3  ± 

0.47 

Hemoglobin  (g/dl) 

15.1  ± 

0.11 

(b)  14.4  ± 

0.11 

(b)  14.3  ± 

0.14 

(b)  14.8  ± 

0.16 

(b)  13.7  ± 

0.24 

(b)  13.0  ± 

0.12 

MCH  (pg) 

18.1  ± 

0.08 

18.5  ± 

0.06 

(b)  19.6  ± 

0.09 

(b)  22.8  ± 

0.17 

(b)  24.0  ± 

0.22 

(b)  25.8  ± 

0.21 

MCHC  (g/dl) 

33.1  ± 

0.12 

32.8  ± 

0.13 

33.2  ± 

0.27 

(b)  35.0  ± 

0.17 

(b)  34.3  ± 

0.22 

(b)  35.7  ± 

0.31 

MCV  (cubic  microns) 
Methemoglobin  (percent 

55.0  ± 

0.00 

(b)  56.3  ± 

0.15 

(b)  59.3  ± 

0.15 

(b)  65.1  ± 

0.23 

(b)  69.9  ± 

0.28 

(b)  72.2  ± 

0.22 

of  hemoglobin) 

0.46  ± 

0.126 

(b)  1.35  ± 

0.146 

(b)  1.85  ± 

0.178 

(b)  1.73  ± 

0.213 

(b)  2.40  ± 

0.154 

(b)  3.68  ± 

0.448 

Nucleated  erythrocytes 

(1,000/mm3) 

1.40  ± 

0.542 

3.10  ± 

0.605 

4.40  ± 

0.618 

(c)  7.90  ± 

1.048 

(b)  22.60  ± 

3.622 

(b)  24.44  ± 

1.676 

Erythrocytes  (10®/mm3) 

8.33  ± 

0.049 

(b)  7.77  ± 

0.048 

(b)  7.27  ± 

0.082 

(b)  6.49  ± 

0.060 

(b)  5.69  ± 

0.085 

(b)  5.06  ± 

0.060 

(a)  Mean  ± standard  error.  MCH  = mean  corpuscular  hemoglobin;  MCHC  = mean  corpuscular  hemoglobin  concentration;  MCV  = mean  corpuscular  volume;  P values 
are  vs.  the  vehicle  controls;  Dunnett’s  test  was  used  when  a nonsignificant  result  was  obtained  by  the  Jonckheere  te6t;  otherwise  Williams’  test  was  used  (Dunnett,  1980; 
Jonckheere,  1954;  Williams,  1971, 1972);  doses  calculated  as  p-chloroaniline. 

(b)  P < 0.01  vs.  vehicle  controls 

(c)  P < 0.05  vs.  vehicle  controls 
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FIGURE  4.  PERCENTAGE  HEMATOCRIT  AND  ERYTHROCYTE  COUNT 
(AND  STANDARD  DEVIATION)  FOR  MALE  RATS  IN  THE  THIRTEEN-WEEK 
GAVAGE  STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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FIGURE  5.  PERCENTAGE  HEMATOCRIT  AND  ERYTHROCYTE  COUNT 
(AND  STANDARD  DEVIATION)  FOR  FEMALE  RATS  IN  THE  THIRTEEN-WEEK 
GAVAGE  STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-thloroaniline  per  kilogram  body  weight) 
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III.  RESULTS:  RATS 


Compound-related  lesions  included  bone  mar- 
row hyperplasia  (severe  at  80  mg/kg  and  mini- 
mal at  5 mg/kg),  pigmentation  (hemosiderin)  of 
the  kidney,  spleen,  and  Kupffer  cells  of  the  liver, 


hematopoiesis  of  the  liver  and  spleen,  and  sple- 
nic congestion,  which  are  attributable  to  in- 
creased erythrocyte  destruction  secondary  to 
methemoglobin  formation  (Table  10). 


TABLE  10.  NUMBER  OF  RATS  WITH  SELECTED  LESIONS  IN  THE  THIRTEEN-WEEK  GAVAGE 
STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Dose  (mg/kg) 


Site/Lesion 

0 

5 

10 

20 

40 

80 

MALE 

Femoral  bone  marrow 
Hyperplasia 

0 

10 

10 

10 

10 

10 

Kidney 

Hemosiderosis 

0 

5 

10 

10 

10 

10 

Liver 

Hemosiderosis  of  Kupffer  cells 

0 

0 

0 

3 

5 

10 

Hematopoiesis 

0 

0 

1 

2 

4 

7 

Spleen 

Hematopoiesis 

0 

3 

10 

10 

10 

10 

Hemosiderosis 

0 

10 

9 

9 

4 

10 

Congestion 

0 

10 

10 

10 

10 

10 

FEMALE 

Femoral  bone  marrow 
Hyperplasia 

0 

9 

10 

10 

10 

10 

Kidney 

Hemosiderosis 

0 

2 

7 

10 

10 

10 

Liver 

Hemosiderosis  of  Kupffer  cells 

0 

0 

2 

6 

9 

10 

Hematopoiesis 

0 

0 

0 

0 

3 

2 

Spleen 

Hematopoiesis 

0 

0 

4 

1 

10 

5 

Hemosiderosis 

0 

10 

10 

8 

10 

9 

Congestion 

0 

10 

10 

9 

10 

10 

(a)  Ten  animals  in  each  group  examined;  all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight. 
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III.  RESULTS:  RATS 


Dose  Selection  Rationale:  Major  compound- 

related  effects  observed  in  rats  were  hemolytic 
anemia,  methemoglobinemia,  and  splenomega- 
ly. The  hemolytic  anemia  and  splenomegaly 
responses  were  dose  related.  Methemoglobin 
levels  were  approximately  l%-4%  in  the  highest 
dose  groups  and  slightly  lower  in  the  other  dose 
groups.  It  was  judged  that  doses  higher  than  20 
mg/kg  for  the  2-year  studies  might  produce  se- 
vere anemia  in  animals  because  hematocrit  and 
erythrocyte  values  were  reduced  substantially 
in  the  13-week  studies  at  doses  of  40  and  80 
mg/kg.  Furthermore,  the  magnitude  of  spleno- 
megaly was  considered  to  be  too  great  to  permit 
selection  of  doses  higher  than  20  mg/kg.  There- 
fore, 18  mg/kg  was  selected  as  the  high  dose  and 
2 and  6 mg/kg,  as  the  low  and  mid  doses, 


respectively.  This  dose  regimen  was  expected  to 
achieve  a no-effect  level  at  the  low  dose  and  to 
produce  some  effects  on  the  hematopoietic  sys- 
tem at  the  mid  dose  in  the  2-year  studies. 

TWO-YEAR  STUDIES 

Body  Weights  and  Clinical  Signs 

The  mean  body  weights  of  high  dose  female  rats 
were  4%-6%  lower  than  those  of  vehicle  controls 
after  week  70  (Table  11  and  Figure  6).  Mean 
body  weights  of  dosed  male  rats  were  generally 
within  5%  of  those  of  vehicle  controls  throughout 
the  studies.  Mid  and  high  dose  male  rats  and 
high  dose  female  rats  had  blue  extremities  in- 
dicative of  cyanosis. 
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TABLE  11.  MEAN  BODY  WEIGHTS  OF  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE 


Weeks 

on 

Study 

Vehicle  Control 

2 mg/kg 

8 mg/kg 

18  mg/kg 

Av.  Wt. 
i grams) 

No. 

Weighed 

Av.  Wt. 
(grams) 

Wt.  (percent  of 
veh.  controls) 

No. 

Weighed 

Av.  Wt. 
(grams) 

Wt.  (percent  of 
veh.  controls) 

No. 

Weighed 

Av.  Wt. 
(grams) 

Wt.  (percent  of 
veh.  controls) 

No. 

Weighed 

MALE 

0 

135 

49 

131 

97 

50 

134 

99 

50 

134 

99 

50 

l 

170 

49 

166 

98 

50 

168 

99 

50 

166 

98 

50 

2 

203 

49 

200 

99 

50 

202 

100 

50 

203 

100 

50 

3 

232 

49 

229 

99 

50 

229 

99 

50 

232 

100 

50 

4 

241 

49 

238 

99 

50 

248 

103 

50 

255 

106 

50 

s 

265 

49 

258 

97 

50 

263 

99 

50 

269 

102 

50 

6 

279 

49 

275 

99 

50 

275 

99 

50 

284 

102 

50 

7 

295 

49 

289 

98 

50 

289 

98 

50 

293 

99 

50 

8 

305 

49 

304 

100 

50 

307 

101 

50 

307 

101 

50 

9 

316 

49 

315 

100 

50 

313 

99 

50 

315 

100 

50 

10 

330 

49 

325 

98 

50 

319 

97 

50 

324 

98 

50 

11 

337 

48 

334 

99 

50 

326 

97 

50 

331 

98 

50 

12 

346 

48 

344 

99 

50 

338 

98 

50 

341 

99 

50 

13 

354 

48 

352 

99 

50 

348 

98 

50 

348 

98 

50 

17 

375 

48 

373 

99 

50 

371 

99 

50 

371 

99 

50 

22 

397 

(a)  47 

395 

99 

50 

392 

99 

(a)  39 

387 

97 

(a)  35 

26 

411 

48 

413 

100 

50 

404 

98 

50 

403 

98 

50 

30 

429 

48 

429 

100 

50 

418 

97 

50 

417 

97 

50 

34 

440 

48 

437 

99 

50 

427 

97 

50 

425 

97 

50 

38 

448 

48 

447 

100 

50 

440 

98 

50 

436 

97 

50 

42 

454 

47 

449 

99 

50 

446 

98 

50 

440 

97 

(a)  45 

46 

462 

47 

456 

99 

50 

454 

98 

50 

446 

97 

50 

50 

474 

46 

466 

98 

50 

458 

97 

49 

453 

96 

50 

54 

467 

46 

468 

100 

50 

460 

99 

48 

443 

95 

50 

55 

471 

46 

473 

100 

50 

466 

99 

48 

451 

96 

50 

58 

472 

46 

484 

103 

50 

474 

100 

48 

464 

98 

50 

62 

489 

(a)  41 

484 

99 

(a)  45 

478 

98 

48 

468 

96 

(a)  44 

66 

493 

45 

492 

100 

50 

486 

99 

48 

475 

96 

49 

70 

492 

44 

488 

99 

49 

482 

98 

46 

467 

95 

(a)  47 

74 

484 

43 

484 

100 

49 

475 

98 

45 

461 

95 

47 

78 

479 

42 

480 

100 

48 

476 

99 

(a)  39 

458 

96 

45 

82 

474 

40 

474 

100 

47 

467 

99 

42 

461 

97 

44 

86 

478 

38 

473 

99 

47 

469 

98 

39 

460 

96 

43 

90 

469 

36 

470 

100 

46 

467 

100 

39 

460 

98 

39 

94 

456 

31 

460 

101 

42 

461 

101 

39 

458 

100 

39 

98 

455 

26 

474 

104 

37 

456 

100 

39 

456 

100 

32 

102 

442 

21 

462 

105 

35 

453 

102 

37 

462 

105 

28 

FEMALE 

0 

108 

50 

109 

101 

50 

108 

100 

50 

109 

101 

50 

l 

128 

50 

128 

100 

50 

128 

100 

50 

124 

97 

50 

2 

138 

50 

138 

100 

50 

140 

101 

50 

137 

99 

50 

3 

150 

50 

151 

101 

50 

154 

103 

50 

150 

100 

50 

4 

156 

50 

160 

103 

50 

149 

96 

50 

148 

95 

50 

5 

165 

50 

168 

102 

50 

167 

101 

50 

166 

101 

50 

6 

169 

50 

175 

104 

50 

172 

102 

50 

170 

101 

50 

7 

173 

50 

179 

103 

50 

179 

103 

50 

178 

103 

50 

8 

181 

50 

185 

102 

50 

185 

102 

50 

182 

101 

50 

9 

184 

50 

188 

102 

50 

189 

103 

50 

188 

102 

50 

10 

186 

50 

191 

103 

50 

192 

103 

50 

189 

102 

50 

11 

188 

50 

193 

103 

50 

195 

104 

50 

193 

103 

50 

12 

190 

49 

195 

103 

50 

198 

104 

50 

195 

103 

50 

13 

192 

49 

198 

103 

50 

200 

104 

50 

200 

104 

50 

17 

200 

49 

206 

103 

50 

207 

104 

50 

206 

103 

50 

22 

207 

(a)  47 

217 

105 

(a)  48 

214 

103 

(a)  46 

212 

102 

(a)  48 

26 

211 

49 

220 

104 

49 

218 

103 

50 

214 

101 

50 

30 

224 

47 

229 

102 

49 

230 

103 

50 

225 

100 

50 

34 

226 

46 

231 

102 

49 

233 

103 

50 

229 

101 

50 

38 

231 

46 

237 

103 

49 

241 

104 

50 

236 

102 

50 

42 

234 

46 

241 

103 

49 

244 

104 

50 

240 

103 

50 

46 

238 

46 

245 

103 

49 

245 

103 

50 

239 

100 

50 

50 

249 

46 

258 

104 

49 

258 

104 

49 

247 

99 

50 

54 

256 

45 

264 

103 

49 

261 

102 

49 

249 

97 

(a)  46 

58 

260 

44 

274 

105 

49 

272 

105 

49 

260 

100 

50 

62 

276 

44 

286 

104 

48 

286 

104 

49 

272 

99 

(a)  47 

66 

287 

44 

298 

104 

48 

297 

103 

49 

275 

96 

50 

70 

292 

43 

305 

104 

48 

300 

103 

49 

282 

97 

50 

74 

292 

43 

303 

104 

48 

303 

104 

49 

279 

96 

49 

78 

299 

40 

308 

103 

48 

304 

102 

47 

284 

95 

47 

82 

299 

38 

305 

102 

48 

302 

101 

46 

283 

95 

46 

86 

309 

38 

320 

104 

48 

317 

103 

43 

294 

95 

44 

90 

309 

35 

314 

102 

45 

317 

103 

41 

291 

94 

42 

94 

316 

33 

322 

102 

45 

327 

103 

40 

301 

95 

41 

98 

324 

31 

332 

102 

44 

332 

102 

39 

303 

94 

40 

102 

323 

30 

333 

103 

42 

334 

103 

38 

310 

96 

37 

(a)  The  number  of  animals  weighed  was  lower  than  the  number  of  animals  surviving. 
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MEAN  BODY  WEIGHT  IN  GRAMS  MEAN  BODY  WEIGHT  IN  GRAMS 


FIGURE  6.  GROWTH  CURVES  FOR  RATS  ADMINISTERED  p-CHLORO ANILINE 
HYDROCHLORIDE  BY  GAVAGE  FOR  TWO  YEARS 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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III.  RESULTS:  RATS 


Survival 

Estimates  of  the  probabilities  of  survival  for 
male  and  female  rats  administered  p-chloro- 
aniline  hydrochloride  at  the  doses  used  in  these 
studies  and  for  vehicle  controls  are  shown  in  Ta- 
ble 12  and  in  the  Kaplan  and  Meier  curves  in 
Figure  7.  The  survival  of  the  low  and  mid  dose 
groups  of  male  rats  was  significantly  greater 
than  that  of  the  vehicle  controls  after  week  94. 
The  survival  of  the  high  dose  group  of  female 
rats  was  significantly  greater  than  that  of  the 
vehicle  controls  at  the  end  of  the  study;  the  sur- 
vival of  the  low  dose  female  group  was  signifi- 
cantly greater  than  that  of  the  vehicle  controls 
after  week  77. 

Hematology  at  Six,  Twelve,  Eighteen,  and 
Twenty-Four  Months 

Hematologic  changes  at  6 months  for  male  and 
female  rats  included  decreases  in  hemoglobin 
concentration,  erythrocyte  count,  and  hemato- 


crit value  and  increases  in  mean  corpuscular 
volume,  nucleated  erythrocytes,  and  mean  cor- 
puscular hemoglobin  (Tables  13  and  14).  These 
changes,  which  were  mild  in  the  mid  dose  groups 
and  moderate  in  the  high  dose  groups,  are 
consistent  with  a regenerative  response  (in- 
creases in  mean  corpuscular  hemoglobin,  nucle- 
ated erythrocytes,  and  mean  corpuscular  vol- 
ume) secondary  to  a decreased  erythrocyte  mass 
(decrease  in  erythrocyte  count,  hematocrit  val- 
ue, and  hemoglobin  concentration).  The  in- 
creases in  methemoglobin  concentrations  in  the 
dosed  groups  indicate  a hemolytic  mechanism 
through  the  oxidation  and  subsequent  denatura- 
tion  of  hemoglobin  as  the  cause  of  the  regenera- 
tive anemia.  The  increase  in  methemoglobin 
was  more  pronounced  in  high  dose  male  rats  (ap- 
proximately sevenfold  that  of  vehicle  controls) 
compared  with  that  in  the  high  dose  female  rats 
(approximately  twofold  that  of  vehicle  controls); 
however,  the  regenerative  response,  as  mea- 
sured by  nucleated  erythrocyte  count  and  mean 
corpuscular  volume,  was  greater  in  female  rats. 


TABLE  12.  SURVIVAL  OF  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF  p-CHLOROANILINE 

HYDROCHLORIDE  (a) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

MALE  (b) 

Animals  initially  in  study 

50 

50 

50 

50 

Nonaccidental  deaths  before  termination  (c) 

31 

18 

16 

28 

Accidentally  killed 

0 

0 

2 

1 

Animals  missexed 

1 

0 

0 

0 

Killed  at  termination 

18 

32 

32 

20 

Died  during  termination  period 

0 

0 

0 

1 

Survival  P values  (d) 

0.793 

0.007 

0.005 

0.367 

FEMALE  (b) 

Animals  initially  in  study 

50 

50 

50 

50 

Nonaccidental  deaths  before  termination  (c) 

23 

11 

14 

13 

Killed  at  termination 

27 

39 

36 

37 

Survival  P values  (d) 

0.244 

0.011 

0.075 

0.043 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  First  day  of  termination  period:  730  (week  105) 

(c)  Includes  animals  killed  in  a moribund  condition 

(d)  The  result  of  the  life  table  trend  test  is  in  the  vehicle  control  column,  and  the  results  of  the  life  table  pairwise  comparisons 
with  the  vehicle  controls  are  in  the  dosed  columns. 
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PROBABILITY  OF  SURVIVAL  PROBABILITY  OF  SURVIVAL 


FIGURE  7.  KAPLAN-MEIER  SURVIVAL  CURVES  FOR  RATS  ADMINISTERED 
p-CHLOROANILINE  HYDROCHLORIDE  BY  GAVAGE  FOR  TWO  YEARS 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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TABLE  13.  HEMATOLOGY  FOR  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Analysis 


Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


6 Months 


Number  examined  (b) 

13 

12 

12 

13 

Hemoglobin  (g/dl) 

15.3 

± 0.21 

15.2 

± 0.27 

(c)  14.6 

± 0.14 

(c)  14.7 

± 0.14 

Hematocrit  (percent) 

45 

± 0.5 

44 

± 1.1 

(d)  42 

± 0.5 

(d)  41 

± 0.4 

Leukocytes  (103/mm3) 

6.0 

± 0.37 

5.9 

± 0.36 

7.1 

±0.38 

6.7 

± 0.21 

Erythrocytes  (106/mm3) 

9.34 

± 0.102 

9.10 

± 0.190 

(d)  8.61 

± 0.094 

(d)  7.58 

± 0.058 

Mean  corpuscular  volume  (p3) 

48 

± 0.2 

(c)49 

± 0.2 

(d)50 

± 0.3 

(d)  54 

± 0.2 

Bands  (percent) 

0 

± 0.0(14) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

Segmented  neutrophils  (percent) 

22 

± 1.7(14) 

24 

± 2.0 

18 

± 1.9 

18 

± 1.4 

Eosinophils  (percent) 

1 

± 0.3(14) 

1 

± 0.4 

1 

± 0.5 

1 

± 0.4 

Lymphocytes  (percent) 

77 

± 1.7(14) 

74 

± 1.8 

80 

± 2.1 

80 

± 1.4 

Monocytes  (percent) 

0 

± 0.0(14) 

0 

± 0.1 

0 

±0.3 

(d)  1 

± 0.4 

Nucleated  erythrocytes  (per  100  leukocytes) 

1 

± 0.3(14) 

1 

± 0.5 

2 

± 0.4 

(d)  4 

± 0.3 

Mean  corpuscular  hemoglobin  (pg) 

16.4 

± 0.09 

16.7 

± 0.14 

(d)  16.9 

±0.10 

(d)  19.4 

± 0.10 

Mean  corpuscular  hemoglobin 

concentration  (percent) 

34.4 

± 0.16 

34.2 

± 0.36 

34.3 

± 0.29 

(d)  36.0 

± 0.19 

Methemoglobin  (percent  of  hemoglobin) 

0.26 

± 0.111 

(c)  0.79 

± 0.151 

(d)  0.89 

± 0.178 

(d)  1.97 

± 0.170 

12  Months 

Number  examined 

14 

15 

15 

15 

Hemoglobin  (g/dl) 

14.3 

± 0.28 

14.5 

± 0.16 

13.9 

± 0.28 

14.4 

± 0.18 

Hematocrit  (percent) 

42 

± 0.9 

43 

± 0.5 

42 

± 0.1 

43 

± 0.5 

Leukocytes  (103/mm3) 

5.0 

± 0.27 

6.0 

± 0.24 

(d)  7.0 

±0.58 

(d)  8.6 

± 0.56 

Erythrocytes  ( 106/mm3) 

8.91 

± 0.183 

9.04 

± 0.104 

8.57 

±0.192 

(c)  8.38 

± 0.103 

Mean  corpuscular  volume  (p3) 

48 

± 0.3 

47 

± 0.2 

(d)  49 

±0.3 

(d)  51 

± 0.2 

Bands  (percent) 

0 

± 0 

0 

± 0 

0 

±0 

0 

± 0 

Segmented  neutrophils  (percent) 

26 

± 1.8 

27 

± 1.8 

30 

± 3.0 

(d)  42 

± 2.9 

Eosinophils  (percent) 

1 

± 0.3 

1 

± 0.3 

1 

± 0.3 

(c)  0 

± 0.1 

Lymphocytes  (percent) 

73 

± 2.0 

72 

± 1.9 

69 

± 3.0 

(d)  58 

± 2.8 

Monocytes  (percent) 

0 

± 0 

0 

± 0 

0 

± 0 

0 

± 0 

Nucleated  erythrocytes  (per  100  leukocytes) 

1 

± 0.2 

1 

± 0.3 

2 

± 0.5 

(d)  3 

± 0.4 

Mean  corpuscular  hemoglobin  (pg) 

16.1 

± 0.15 

16.0 

± 0.09 

16.2 

± 0.12 

(d)  17.2 

± 0.09 

Mean  corpuscular  hemoglobin 

concentration  (percent) 

33.7 

± 0.29 

33.9 

± 0.15 

33.3 

±0.17 

33.4 

± 0.14 

Reticulocytes  (percent  of  erythrocytes) 

0.8 

± 0.05 

(c)  1.3 

± 0.18 

(01.5 

±0.20 

(01.4 

± 0.19 

Methemoglobin  (percent  of  hemoglobin) 

0.28 

± 0.056 

0.41 

± 0.090 

(d)  1.08 

±0.122 

(d)  1.18 

± 0.167 

18  Months 

Number  examined 

13 

15 

13 

13 

Hemoglobin  (g/dl) 

14.4 

± 0.19 

13.8 

± 0.42 

13.9 

±0.24 

13.7 

± 0.47 

Hematocrit  (percent) 

47 

± 0.7 

46 

± 1.3 

45 

±0.8 

(c)  43 

± 1.3 

Leukocytes  (103/mm3) 

5.2 

± 0.31 

4.4 

± 0.21 

5.0 

±0.35 

(d)  8.4 

± 0.72 

Erythrocytes  (106/mm3) 

8.92 

± 0.106 

8.89 

± 0.177 

8.47 

± 0.167 

(d)  7.32 

± 0.206 

Mean  corpuscular  volume  (p3) 

53 

± 0.6 

51 

± 0.9 

54 

± 0.5 

(d)  58 

± 0.5 

Bands  (percent) 

0 

± 0.0 

0 

± 0.1 

0 

±0.2 

0 

± 0.2 

Segmented  neutrophils  (percent) 

43 

± 2.2 

36 

± 2.5 

43 

± 2.7 

(c)  53 

± 3.4 

Eosinophils  (percent) 

1 

± 0.6 

2 

± 0.4 

2 

±0.2 

1 

± 0.2 

Lymphocytes  (percent) 

56 

± 2.4 

61 

± 2.4 

55 

± 2.7 

(d)  45 

± 3.3 

Monocytes  (percent) 

0 

± 0.2 

(c)l 

± 0.2 

0 

± 0.0 

0 

± 0.0 

Nucleated  erythrocytes  (per  100  leukocytes) 

1 

± 0.3 

1 

± 0.4 

2 

± 0.4 

(d)  5 

± 1.5 

Mean  corpuscular  hemoglobin  (pg) 

16.1 

± 0.17 

15.5 

± 0.26 

16.4 

± 0.18 

(d)  18.7 

± 0.36 

Mean  corpuscular  hemoglobin 

concentration  (percent) 

30.5 

± 0.40 

30.3 

± 0.19 

30.7 

±0.11 

(d)  32.1 

± 0.44 

Reticulocytes  (percent  of  erythrocytes) 

2.0 

± 0.12 

(c)  3.2 

± 0.43 

(c)3.2 

±0.19 

(d)  6.4 

± 0.54 

Methemoglobin  (percent  of  hemoglobin) 

1.04 

± 0.056 

(d)  1.96 

± 0.130 

(d)  2.37 

± 0.245 

(d)  4.09 

± 0.248 

p-Chloroaniline  Hydrochloride,  NTP  TR  351 
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TABLE  13.  HEMATOLOGY  FOR  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Analysis 

Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

24  Months  (e) 

Number  examined  (b) 

15 

15 

15 

15 

Hemoglobin  (g/dl) 

14.1 

± 0.41 

14.0 

± 0.33 

13.9 

± 0.48 

13.8 

± 0.71 

Hematocrit  (percent) 

42 

± 1.1 

42 

± 0.9 

42 

± 1.4 

40 

± 2.1 

Leukocytes  (103/mm3) 

6.9 

± 1.07 

(f)  5.4 

±0.34(14)  6.1 

± 0.96 

8.8 

± 0.97 

Erythrocytes  (106/mm3) 

7.82 

± 0.268 

8.07 

± 0.179 

8.08 

± 0.262 

7.54 

± 0.402 

Mean  corpuscular  volume  (p3) 

54 

± 0.7 

52 

±0.5 

52 

± 0.5 

54 

± 0.6 

Bands  (percent) 

1 

± 0.2 

0 

± 0.1 

0 

± 0.2 

1 

± 0.7 

Segmented  neutrophils  (percent) 

55 

± 3.2 

49 

± 3.8 

57 

± 2.9 

63 

± 1.8 

Eosinophils  (percent) 

1 

± 0.2 

2 

± 0.4 

1 

± 0.4 

1 

± 0.3 

Lymphocytes  (percent) 

44 

± 3.2 

48 

± 4.0 

41 

± 3.0 

(c)  34 

± 1.9 

Monocytes  (percent) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

Nucleated  erythrocytes  (per  100  leukocytes) 

3 

± 0.7 

1 

± 0.2 

1 

± 0.4 

5 

± 1.1 

Mean  corpuscular  hemoglobin  (pg) 
Mean  corpuscular  hemoglobin 

18.1 

± 0.22 

(c)  17.3 

± 0.20 

(d)  17.2 

± 0.20 

18.4 

± 0.19 

concentration  (percent) 

33.6 

± 0.21 

33.2 

± 0.27 

33.2 

± 0.23 

34.1 

± 0.27 

Platelets  (X  103/mm3) 

408 

± 28.3 

(c)  486 

± 20.6 

(c)  490 

± 23.8 

(d) 609 

± 33.5 

Reticulocytes  (percent  of  eythrocytes) 

3.4 

± 0.61 

3.0 

± 0.44 

3.2 

± 0.32 

4.2 

± 0.66 

Methemoglobin  (percent  of  hemoglobin) 

1.56 

± 1.333 

1.79 

± 0.136 

(d)  2.16 

± 0.101 

(d)  2.17 

± 0.195 

(a)  Mean  ± standard  error;  P values  vs.  the  vehicle  controls  by  Williams’ test  (Williams,  1971, 1972);  doses  calculated  as 
p-chloroaniline. 

(b)  Unless  otherwise  specified  by  a number  in  parentheses 

(c)  P<0.05 

(d)  P<0.01 

(e)  Blood  taken  for  analysis  11-14  days  after  the  last  dose  was  administered 

(f)  One  value  of  128.2  excluded 
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TABLE  14.  HEMATOLOGY  FOR  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CH  LORO  ANILINE  HYDROCHLORIDE  (a) 


Analysis 


Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


6 Months 


Number  examined 

15 

15 

15 

15 

Hemoglobin 

14.8 

± 0.24 

14.3 

± 0.18 

(b)  13.9 

± 0.12 

(b)  13.2 

± 0.32 

Hematocrit  (percent) 

45 

± 0.6 

(c)  43 

± 0.6 

(c)  43 

± 0.3 

(b)  40 

± 0.8 

Leukocytes  (103/mm3) 

4.1 

± 0.32 

3.9 

± 0.18 

4.6 

± 0.19 

3.8 

± 0.19 

Erythrocytes  ( 106/mm3) 

8.54 

± 0.123 

(b)8.08 

± 0.113 

(b)7.60 

± 0.057 

(b)  6.49 

± 0.121 

Mean  corpuscular  volume  (p3) 

53 

± 0.2 

(b)  54 

± 0.1 

(b)  56 

± 0.2 

(b)  61 

± 0.2 

Bands  (percent) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

Segmented  neutrophils  (percent) 

13 

± 1.6 

15 

± 1.5 

15 

± 1.4 

(b)  19 

± 1.4 

Eosinophils  (percent) 

1 

± 0.2 

1 

± 0.3 

1 

± 0.2 

1 

± 0.2 

Lymphocytes  (percent) 

86 

± 1.7 

84 

± 1.6 

84 

± 1.3 

(b)  80 

± 1.4 

Monocytes  (percent) 

1 

± 0.2 

0 

± 0.2 

1 

± 0.2 

1 

± 0.2 

Nucleated  erythrocytes  (per  100  leukocytes) 

2 

± 0.4 

2 

± 0.5 

(c)  5 

± 0.8 

(b)  12 

± 1.4 

Mean  corpuscular  hemoglobin  (pg) 
Mean  corpuscular  hemoglobin 

17.3 

± 0.13 

(c)  17.7 

± 0.09 

(b)  18.3 

± 0.07 

(b)  20.3 

± 0.19 

concentration  (percent) 

32.6 

± 0.22 

33.1 

± 0.15 

32.7 

± 0.12 

33.2 

± 0.32 

Methemoglobin  (percent  of  hemoglobin) 

0.20 

± 0.108 

0.63 

± 0.322 

0.07 

± 0.029 

0.45 

± 0.136 

12  Months 


Number  examined 

12 

15 

14 

15 

Hemoglobin  (g/dl) 

14.8 

± 0.31 

14.5 

± 0.19 

13.8 

± 0.36 

14.8 

± 0.30 

Hematocrit  (percent) 

45 

± 1.1 

44 

± 0.9 

42 

± 1.1 

47 

± 1.1 

Leukocytes  ( 103/mm3) 

3.0 

± 0.17 

3.0 

± 0.17 

3.5 

± 0.39 

(b)4.7 

± 0.44 

Erythrocytes  (106/mm3) 

8.41 

± 0.197 

8.13 

± 0.166 

7.62 

± 0.202 

8.17 

± 0.173 

Mean  corpuscular  volume  (p3) 

54 

± 0.2 

54 

± 0.2 

(b)  55 

± 0.3 

(b)  57 

± 0.2 

Bands  (percent) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

0 

± 0.1 

Segmented  neutrophils  (percent) 

24 

± 1.7 

28 

± 2.6 

(0  32 

± 2.5 

(c)30 

± 0.9 

Eosinophils  (percent) 

2 

± 0.5 

1 

± 0.3 

1 

± 0.3 

1 

± 0.3 

Lymphocytes  (percent) 

74 

± 1.9 

71 

± 2.5 

(0  66 

± 2.3 

(c)  69 

± 1.0 

Monocytes  (percent) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

Nucleated  erythrocytes  (per  100  leukocytes) 

1 

± 0.5 

2 

± 0.3 

(b)  3 

± 0.6 

(b)  5 

± 0.4 

Mean  corpuscular  hemoglobin  (pg) 
Mean  corpuscular  hemoglobin 

17.6 

± 0.16 

17.9 

± 0.21 

18.1 

± 0.10 

18.2 

± 0.34 

concentration  (percent) 

32.6 

± 0.29 

33.4 

± 0.42 

32.9 

± 0.24 

31.9 

± 0.62 

Reticulocytes  (percent  of  erythrocytes) 

1.5 

± 0.10 

1.6 

± 0.12 

(b)  2.6 

± 0.15 

<b)  2.7 

± 0.21 

Methemoglobin  (percent  of  hemoglobin) 

0.47 

± 0.108 

0.34 

± 0.069 

(b)  1.16 

± 0.123 

(b)  1.82 

± 0.122 

18  Months 


Number  examined 

12 

15 

14 

14 

Hemoglobin  (g/dl) 

14.6 

± 0.27 

14.1 

± 0.18 

(b)  13.5 

± 0.23 

(b)  13.5 

± 0.24 

Hematocrit  (percent) 

47 

± 0.7 

46 

± 0.6 

(b)  44 

± 0.7 

(b)  44 

± 0.7 

Leukocytes  (103/mm3) 

2.5 

± 0.21 

2.9 

± 0.13 

(c)3.2 

± 0.24 

(b)3.8 

± 0.26 

E rythrocytes  ( 1 06/mm3) 

8.30 

± 0.122 

8.00 

± 0.104 

(b)7.35 

± 0.119 

(b)  6.80 

± 0.075 

Mean  corpuscular  volume  (p3) 

57 

± 0.4 

57 

± 0.3 

(b)  59 

± 0.4 

(b)  66 

± 0.4 

Bands  (percent) 

0 

± 0.0 

0 

± 0.1 

0 

± 0.1 

0 

± 0.1 

Segmented  neutrophils  (percent) 

35 

± 1.3 

37 

± 1.8 

36 

± 2.3 

33 

± 2.3 

Eosinophils  (percent) 

2 

± 0.5 

(c)  1 

± 0.3 

1 

± 0.3 

1 

± 0.1 

Lymphocytes  (percent) 

64 

± 1.7 

62 

± 1.8 

62 

± 2.3 

66 

± 2.4 

Monocytes  (percent) 

0 

± 0.1 

0 

± 0.1 

0 

± 0.0 

0 

± 0.1 

Nucleated  erythrocytes  (per  100  leukocytes) 

2 

± 0.5 

3 

± 0.9 

(c)6 

± 0.9 

(b)  10 

± 1.7 

Mean  corpuscular  hemoglobin  (pg) 

17.5 

± 0.17 

17.6 

± 0.12 

(b)  18.3 

± 0.16 

(b)  19.9 

± 0.24 

Mean  corpuscular  hemoglobin 

concentration  (percent) 

30.7 

± 0.26 

30.7 

± 0.12 

30.8 

± 0.22 

30.4 

± 0.26 

Reticulocytes  (percent  of  erythrocytes) 

2.5 

± 0.10 

2.9 

± 0.21 

(b)  5.3 

± 0.25 

(b)  8.4 

± 0.47 

Methemoglobin  (percent  of  hemoglobin) 

0.75 

± 0.082 

(b)  1.42 

± 0.106 

(b)  2.52 

± 0.178 

(b)  3.41 

± 0.156 

p-Chloroaniline  Hydrochloride,  NTP  TR  351 
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TABLE  14.  HEMATOLOGY  FOR  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Analysis  Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


24  Months  (d) 


Number  examined 

15 

15 

15 

15 

Hemoglobin  (g/dl) 

13.2 

± 0.41 

13.2 

± 0.43 

13.8 

± 0.16 

14.1 

± 0.54 

Hematocrit  (percent) 

39 

± 1.1 

40 

± 1.6 

41 

± 0.5 

41 

± 1.6 

Leukocytes  (103/mm3) 

3.4 

± 0.34 

3.5 

± 0.33 

4.1 

± 0.46 

4.3 

± 0.57 

Erythrocytes  (106/mm3) 

7.12 

± 0.248 

7.22 

± 0.226 

7.33 

± 0.162 

7.10 

± 0.184 

Mean  corpuscular  volume  (p3) 

55 

± 0.6 

54 

± 0.3 

55 

± 0.7 

(b)  58 

± 1.1 

Bands 

2 

± 1.0 

1 

± 0.5 

1 

± 0.3 

1 

± 0.3 

Segmented  neutrophils  (percent) 

46 

± 2.6 

48 

± 2.2 

47 

± 3.7 

53 

± 3.2 

Eosinophils  (percent) 

2 

± 0.4 

2 

± 0.5 

2 

± 0.4 

1 

± 0.3 

Lymphocytes  (percent) 

50 

± 2.8 

48 

± 2.3 

50 

± 3.8 

44 

± 3.1 

Monocytes  (percent) 

0 

± 0.0 

0 

± 0.0 

0 

± 0.0 

0 

± 0.1 

Nucleated  erythrocytes  (per  100  leukocytes) 

2 

± 0.5 

1 

± 0.2 

1 

± 0.3 

2 

± 0.5 

Mean  corpuscular  hemoglobin  (pg) 
Mean  corpuscular  hemoglobin 

18.5 

± 0.19 

18.3 

± 0.12 

18.7 

± 0.23 

(b)  19.7 

± 0.40 

concentration  (percent) 

33.6 

± 0.23 

34.1 

± 0.25 

33.9 

± 0.16 

34.2 

± 0.21 

Platelets  (103/mm3) 

382 

± 35.6 

426 

± 14.8 

396 

± 17.7 

320 

± 42.3 

Reticulocytes  (percent  of  erythrocytes) 

2.5 

± 0.65 

2.7 

± 0.84 

2.1 

± 0.20 

5.1 

± 2.32 

Methemoglobin  (percent  of  hemoglobin) 

1.67 

± 0.099 

1.97 

± 0.099 

(c)  2.03 

± 0.167 

(c)  1.91 

± 0.149 

(a)  Mean  ± standard  error;  P values  vs.  the  vehicle  controls  by  Williams’  test  (Williams,  1971,1972);  doses  calculated  as 
p-chloroaniline. 

(b)  P<0.01 

(c)  P<0.05 

(d)  Blood  taken  for  analysis  1 1-14  days  after  the  last  dose  was  administered 


At  12  months,  dose-related  changes  in  the  eryth- 
ron  were  minimal  to  mild.  Mild  increases  in 
mean  corpuscular  volume,  nucleated  erythro- 
cytes, mean  corpuscular  hemoglobin,  and  methe- 
moglobin  were  detected.  At  18  months,  how- 
ever, changes  in  the  erythrocyte  mass  and  in 
methemoglobin  concentrations  were  similar  to 
those  detected  at  6 months.  Approximately  two- 
fold to  fourfold  increases  in  methemoglobin 
concentrations  in  mid  and  high  dose  male  and 
female  rats  were  associated  with  hematologic 
evidence  of  regenerative  anemia.  At  24  months, 
results  of  methemoglobin  and  hematologic  anal- 
yses were  essentially  unremarkable.  Because 
these  animals  had  not  been  dosed  for  11-14  days 
before  the  collection  of  the  samples,  these  data 
suggest  that  the  direct  hematologic  effects  of  p- 
chloroaniline  hydrochloride  are  transient. 


Pathology  and  Statistical  Analyses  of 
Results 

This  section  describes  the  statistically  signifi- 
cant or  biologically  noteworthy  changes  in  the 
incidences  of  rats  with  neoplastic  or  nonneo- 
plastic lesions  of  the  spleen,  adrenal  gland,  tes- 
tis, bone  marrow,  liver,  hematopoietic  system, 
and  anterior  pituitary  gland. 

Summaries  of  the  incidences  of  neoplasms  and 
nonneoplastic  lesions,  individual  animal  tumor 
diagnoses,  statistical  analyses  of  primary  tu- 
mors that  occurred  with  an  incidence  of  at  least 
5%  in  at  least  one  animal  group,  and  historical 
control  incidences  for  the  neoplasms  mentioned 
in  this  section  are  presented  in  Appendixes  A 
and  B for  male  and  female  rats,  respectively. 
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III.  RESULTS:  RATS 


Spleen:  The  incidences  of  proliferative  mesen- 
chymal lesions,  which  varied  from  nonneoplastic 
fibrous  connective  tissue  (fibrosis)  to  highly  ma- 
lignant sarcomas,  were  increased  in  the  spleen 
of  dosed  rats.  The  incidences  of  splenic  fibrosis 
were  increased  in  dosed  males  and  females, 
whereas  the  incidences  of  sarcomas  (fibrosarco- 
mas, osteosarcomas,  and  hemangiosarcomas) 
were  increased  in  males  (Table  15).  Many  of  the 
splenic  sarcomas  metastasized  to  one  or  more 
sites.  Cellular  infiltration  of  lipocytes  (fatty  me- 
taplasia) was  observed  in  high  dose  rats  (male: 
vehicle  control,  0/49;  low  dose,  0/50;  mid  dose, 
0/50;  high  dose,  24/50;  female:  0/50;  0/50;  0/50; 
11/50).  A fibrosarcoma  was  observed  in  one  mid 
dose  female  rat,  and  an  osteosarcoma  was  ob- 
served in  one  high  dose  female  rat. 

Fibrosis  consisted  of  focal  or  diffuse  proliferation 
of  bundles  of  dense  collagen  intermixed  with 
mildly  to  moderately  pleomorphic  fibroblasts. 
Fibrosis  usually  affected  the  splenic  red  pulp, 
where  it  replaced  the  splenic  parenchyma,  but  in 
some  animals  fibrosis  occurred  in  the  splenic 
capsule  with  the  formation  of  cysts  on  the  capsu- 
lar surface.  In  two  high  dose  males,  the  fibrous 
tissue  formed  well-demarcated  expansile  lesions 
that  were  diagnosed  as  fibromas.  Sarcomas 
were  poorly  demarcated,  expansile,  and  invasive 


lesions;  in  some  cases,  fibrosis  and  sarcomas 
were  present  in  the  same  spleen.  Fibrosarcomas 
had  a typical  morphology  consisting  of  irregular, 
interlacing  bundles  of  collagen  mixed  with  spin- 
dle cells  having  highly  pleomorphic,  anaplastic 
nuclei.  Many  of  the  neoplasms  with  features  of 
fibrosarcomas  also  contained  either  areas  of  os- 
teoid formation  or  cavernous  or  sinusoidal  vas- 
cular spaces;  these  neoplasms  were  diagnosed  as 
osteosarcomas  or  hemangiosarcomas,  respec- 
tively. Cellular  infiltration  of  lipocytes  was  seen 
concurrently  with  fibrosis  or  sarcomas  and  con- 
sisted of  a few  to  several  clumped  and/or  scat- 
tered, variably  sized  adipose  cells  within  the 
areas  of  fibrosis  or  neoplasia.  This  change  ap- 
peared to  represent  metaplasia  of  the  prolifera- 
ting fibrous  tissue  elements  to  adipose  cells  (fat- 
ty metaplasia). 

Adrenal  Gland:  Medullary  hyperplasia  was  ob- 
served at  an  increased  incidence  in  high  dose 
female  rats;  pheochromocytomas  were  also  ob- 
served in  vehicle  control  and  dosed  females 
(Table  16).  Pheochromocytomas  or  malignant 
pheochromocytomas  (combined)  in  male  rats  oc- 
curred with  a significant  positive  trend;  the 
incidence  in  the  high  dose  group  was  signifi- 
cantly greater  than  that  in  the  vehicle  controls. 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 
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TABLE  15.  SPLENIC  FIBROSIS  AND  PRIMARY  SARCOMAS  IN  RATS  IN  THE  TWO-YEAR  GAVAGE 

STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

MALE 

Fibrosis 

Overall  Rates 

3/49  (6%) 

11/50(22%) 

12/50(24%) 

41/50(82%) 

Fibroma 

Overall  Rates 

0/49  (0%) 

0/50  (0%) 

0/50  (0%) 

2/50  (4%) 

Fibrosarcoma  (b) 

Overall  Rates 

0/49  (0%) 

1/50  (2%) 

2/50  (4%) 

17/50  (34%) 

Adjusted  Rates 

0.0% 

2.7% 

5.7% 

47.1% 

Terminal  Rates 

0/18(0%) 

0/32  (0%) 

1/32  (3%) 

5/21  (24%) 

Day  of  First  Observation 

687 

702 

522 

Life  Table  Tests 

P<0.001 

P = 0.570 

P = 0.364 

P<0.001 

Logistic  Regression  Tests 

P<0.001 

P = 0.523 

P = 0.293 

PC0.001 

Osteosarcoma  (b) 

Overall  Rates 

0/49  (0%) 

0/50  (0%) 

1/50  (2%) 

19/50(38%) 

Adjusted  Rates 

0.0% 

0.0% 

3.1% 

62.8% 

Terminal  Rates 

0/18(0%) 

0/32  (0%) 

1/32  (3%) 

11/21  (52%) 

Day  of  First  Observation 
Life  Table  Tests 

P<0.001 

(c) 

730 

P = 0.615 

495 

PC0.001 

Logistic  Regression  Tests 

P<0.001 

(c) 

P = 0.615 

PC0.001 

Hemangiosarcoma  (d) 

Overall  Rates 

0/49  (0%) 

0/50  (0%) 

0/50  (0%) 

4/50(8%) 

Adjusted  Rates 

0.0% 

0.0% 

0.0% 

12.0% 

Terminal  Rates 

0/18(0%) 

0/32(0%) 

0/32  (0%) 

0/21  (0%) 

Day  of  First  Observation 
Life  Table  Tests 

P = 0.002 

(c) 

(c) 

618 

P = 0.095 

Logistic  Regression  Tests 

P = 0.002 

(c) 

(c) 

P = 0.068 

Fibrosarcoma,  Osteosarcoma,  or 
Overall  Rates 

Hemangiosarcoma 

0/49  (0%) 

1/50  (2%) 

3/50  (6%) 

38/50(76%) 

Adjusted  Rates 

0.0% 

2.7% 

8.7% 

87.9% 

Terminal  Rates 

0/18(0%) 

0/32  (0%) 

2/32  (6%) 

16/21  (76%) 

Day  of  First  Observation 

687 

702 

494 

Life  Table  Tests 

P<0.001 

P = 0.570 

P = 0.236 

PC0.001 

Logistic  Regression  Tests 

PC0.001 

P = 0.485 

P = 0.140 

PcO.001 

FEMALE  (e) 
Fibrosis 

Overall  Rates 

1/50  (2%) 

2/50  (4%) 

3/50  (6%) 

42/50  (84%) 

Fibrosarcoma 

Overall  Rates 

0/50  (0%) 

0/50  (0%) 

1/50  (2%) 

0/50  (0%) 

Osteosarcoma 

Overall  Rates 

0/50  (0%) 

0/50  (0%) 

0/50  (0%) 

1/50(2%) 

(a)  The  statistical  analyses  used  are  discussed  in  Section  II  (Statistical  Methods)  and  Table  A3  (footnotes);  all  doses  calculated 
as  milligrams  p-chloroaniline  per  kilogram  body  weight. 

(b)  Historical  incidence  of  all  sarcomas  in  water  gavage  vehicle  controls  (mean  ± SD):  1/298(0.3%  ± 0.8%);  historical  incidence 
in  untreated  controls  in  NTP  studies:  8/1,906  (0.4%  ± 0.8%);  no  benign  tumors,  fibrosarcomas,  or  osteosarcomas  have  been 
observed  in  untreated  controls. 

(c)  No  P value  is  reported  because  no  tumors  were  observed  in  the  vehicle  control  and  dosed  groups. 

(d)  Historical  incidence  of  hemangiomas  or  hemangiosarcomas  (combined,  for  all  organs)  in  water  gavage  vehicle  controls 
(mean  ± SD):  2/300(0.7%  ± 2%);  historical  incidence  in  untreated  controls  in  NTP  studies:  12/1,936(0.6%  ± 1%) 

(e)  Historical  incidence  of  sarcomas  in  water  gavage  vehicle  controls:  0/297;  historical  incidence  of  sarcomas  in  untreated  con- 
trols in  NTP  studies:  1/1,961  (mean  ± SD)(0.05%  ± 0.4%);  no  fibrosarcomas  or  osteosarcomas  have  been  observed. 
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TABLE  16.  ADRENAL  MEDULLARY  LESIONS  IN  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

MALE 


Hyperplasia 


Overall  Rates 

15/49(31%) 

21/48(44%) 

15/48(31%) 

17/49(35%) 

Pheochromocytoma 

Overall  Rates 

13/49(27%) 

14/48  (29%) 

14/48(29%) 

25/49(51%) 

Adjusted  Rates 

53.8% 

40.3% 

40.7% 

79.5% 

Terminal  Rates 

8/18(44%) 

11/31(35%) 

12/32(38%) 

15/21  (71%) 

Day  of  First  Observation 

633 

651 

476 

618 

Life  Table  Tests 

P<0.001 

P = 0.158N 

P = 0.134N 

P = 0.061 

Logistic  Regression  Tests 

P = 0.003 

P = 0.358N 

P = 0.504N 

P = 0.028 

Malignant  Pheochromocytoma 

Overall  Rates 

1/49(2%) 

0/48  (0%) 

1/48  (2%) 

1/49  (2%) 

Pheochromocytoma  or  Malignant  Pheochromocytoma  (b) 
Overall  Rates  13/49(27%) 

14/48(29%) 

15/48(31%) 

26/49  (53%) 

Adjusted  Rates 

53.8% 

40.3% 

43.6% 

82.9% 

Terminal  Rates 

8/18(44%) 

11/31(35%) 

13/32(41%) 

16/21  (76%) 

Day  of  First  Observation 

633 

651 

476 

618 

Life  Table  Tests 

P<0.001 

P = 0.158N 

P = 0.175N 

P = 0.041 

Logistic  Regression  Tests 

P = 0.001 

P = 0.358N 

P = 0.586N 

P = 0.017 

FEMALE 

Hyperplasia 

Overall  Rates 

4/50  (8%) 

4/50(8%) 

7/50(14%) 

24/50  (48%) 

Pheochromocytoma  (c) 

Overall  Rates 

2/50  (4%) 

3/50  (6%) 

1/50(2%) 

6/50(12%) 

Adjusted  Rates 

6.2% 

7.7% 

2.8% 

16.2% 

Terminal  Rates 

1/27  (4%) 

3/39  (8%) 

1/36  (3%) 

6/37(16%) 

Day  of  First  Observation 

557 

729 

729 

729 

Life  Table  Tests 

P = 0.091 

P = 0.650 

P = 0.415N 

P = 0.248 

Logistic  Regression  Tests 

P = 0.077 

P = 0.553 

P = 0.488N 

P = 0.192 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Historical  incidence  in  water  gavage  vehicle  controls  (mean  ± SD):  121/299  (40%  ± 16%);  historical  incidence  in  untreated 
controls  in  NTP  studies:  489/1,915(26%  ± 14%) 

(c)  Historical  incidence  of  pheochromocytomas  or  malignant  pheochromocytomas  (combined)  in  water  gavage  vehicle  controls 
(mean  ± SD):  20/295(7%  ± 2%);  historical  incidence  in  untreated  controls  in  NTP  studies:  99/1,968(5%  ± 4%) 
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III.  RESULTS:  RATS 


Testis:  The  incidences  of  interstitial  cell  adeno- 
mas in  the  dosed  groups  of  male  rats  were  great- 
er than  that  in  the  vehicle  controls  (vehicle  con- 
trol, 36/49;  low  dose,  44/46;  mid  dose,  44/50;  high 
dose,  46/50).  These  marginal  increases  were  not 
considered  to  be  related  to  chemical  exposure. 

Bone  Marrow:  Femoral  hyperplasia  was  ob- 
served at  increased  incidences  in  high  dose  male 
and  mid  and  high  dose  female  rats  (male:  vehi- 
cle control,  26/49;  low  dose,  36/50;  mid  dose, 
35/49;  high  dose,  46/50;  female:  11/50;  12/48; 
21/50;  37/47).  Femoral  reticular  cell  hyperplasia 
was  observed  at  increased  incidences  in  mid  and 
high  dose  female  rats  (male:  0/49;  0/50;  3/49; 
0/50;  female:  1/50;  2/48;  7/50;  7/47). 

Liver:  Hemosiderin  pigmentation  was  observed 
at  an  increased  incidence  in  high  dose  male  rats 


(male:  vehicle  control,  1/49;  low  dose,  0/50;  mid 
dose,  0/49;  high  dose,  26/49;  female:  0/50;  0/50; 
0/50;  1/50). 

Hematopoietic  System:  Mononuclear  cell  leuke- 
mia in  male  and  female  rats  occurred  with  sig- 
nificant negative  trends;  the  incidences  in  the 
dosed  groups  were  significantly  lower  than  those 
in  the  vehicle  controls  (Table  17). 

Anterior  Pituitary  Gland:  Cysts  of  the  pars  dis- 
talis  were  observed  at  increased  incidences  in  fe- 
male rats  (male:  vehicle  control,  3/47;  low  dose, 
0/18;  mid  dose,  0/19;  high  dose,  1/46;  female: 
2/50;  3/33;  7/35;  12/50).  The  incidence  of  adeno- 
mas in  high  dose  male  rats  was  significantly 
lower  than  that  in  vehicle  controls  (20/47;  13/18; 
11/19;  11/46;  P = 0.027). 


TABLE  17.  MONONUCLEAR  CELL  LEUKEMIA  IN  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLORO  ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

MALE  (b) 

Overall  Rates 

21/49  (43%) 

3/50  (6%) 

2/50  (4%) 

3/50  (6%) 

Adjusted  Rates 

59.7% 

8.7% 

5.2% 

9.8% 

Terminal  Rates 

5/18(28%) 

2/32  (6%) 

1/32  (3%) 

1/21  (5%) 

Day  of  First  Observation 

466 

674 

498 

615 

Life  Table  Tests 

P=0.001N 

P<0.001N 

P<0.001N 

PC0.001N 

Logistic  Regression  Tests 

P<0.001N 

P<0.001N 

PC0.001N 

P<0.001N 

FEMALE  (c) 

Overall  Rates 

10/50  (20%) 

2/50  (4%) 

1/50  (2%) 

1/50  (2%) 

Adjusted  Rates 

27.2% 

4.6% 

2.6% 

2.7% 

Terminal  Rates 

2/27(7%) 

0/39(0%) 

0/36  (0%) 

1/37  (3%) 

Day  of  First  Observation 

529 

617 

711 

729 

Life  Table  Tests 

P = 0.010N 

P = 0.005N 

P = 0.003N 

P = 0.002N 

Logistic  Regression  Tests 

P=0.013N 

P = 0.015N 

P = 0.004N 

P = 0.004N 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Historical  incidence  of  leukemia  in  water  gavage  vehicle  controls  at  study  laboratory  (mean  ± SD):  120/300(40%  ± 16%); 
historical  incidence  in  untreated  controls  in  NTP  studies:  636/1,936(33%  ± 15%) 

(c)  Historical  incidence  of  leukemia  in  water  gavage  vehicle  controls  at  study  laboratory  (mean  ± SD):  75/299(25%  ± 15%); 
historical  incidence  in  untreated  controls  in  NTP  studies:  383/1,983(19%  ± 7%) 
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III.  RESULTS:  MICE 


SIXTEEN-DAY  STUDIES 

Deaths  occurred  in  all  dosed  groups  (Table  18). 
The  final  mean  body  weights  of  dosed  and  vehi- 
cle control  mice  were  comparable.  Cyanosis  was 


indicated  by  the  bluish  extremities  of  dosed 
mice.  Compound-related  lesions  at  100  mg/kg 
included  diffuse  hemosiderosis  of  the  liver  Kupf- 
fer  cells  and  diffuse  congestion  of  the  spleen  in 
2/2  males  and  2/2  females. 


TABLE  18.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  MICE  IN  THE  SIXTEEN-DAY  GAVAGE 

STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 


Dose  (a) 

Survival  (b) 

Initial  (c) 

Final 

Change  (d) 

to  Vehicle  Controls 

(mg/kg) 

(percent) 

MALE 


0 

5/5 

24.4 

27.0 

+ 2.6 

25 

(e)  4/5 

24.2 

28.2 

+ 4.0 

104.4 

50 

(f)  4/5 

22.8 

27.7 

+ 4.9 

102.6 

100 

(g)  4/5 

24.2 

27.7 

+ 3.5 

102.6 

200 

(h)  0/5 

24.0 

(i) 

(i) 

(i) 

400 

(j)  0/5 

18.8 

(i) 

(i) 

(i) 

FEMALE 

0 

5/5 

18.4 

20.4 

+ 2.0 

25 

(k)  3/5 

18.4 

21.0 

+ 2.6 

102.9 

50 

(1)4/5 

17.6 

21.0 

+ 3.4 

102.9 

100 

(m)  3/5 

18.0 

21.3 

+ 3.3 

104.4 

200 

(j)  0/5 

14.0 

(i) 

(i) 

(i) 

400 

(n)  0/5 

13.8 

(i) 

(i) 

(i) 

(a)  All  doses  calculated  as  milligrams p-chloroaniline  per  kilogram  body  weight 

(b)  Number  surviving/number  initially  in  group;  laboratory  report  states  that  three  of  the  deaths  were  probably  gavage 
related. 

(c)  Initial  group  mean  body  weight 

(d)  Mean  body  weight  change  of  the  survivors 

(e)  Day  of  death:  16 

(f)  Day  of  death:  7 

(g)  Day  of  death:  3 

(h)  Day  of  death:  3, 3, 4, 4, 6 

(i)  No  data  are  reported  due  to  the  100%  mortality  in  this  group. 

<j)  Day  of  death:  2, 2, 2, 2, 3 

(k)  Day  of  death:  2,8 

(l)  Day  of  death:  5 

(m)  Day  of  death:  7,8 

(n)  Day  of  death:  all  2 
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III.  RESULTS:  MICE 


THIRTEEN-WEEK  STUDIES 

Two  male  mice  that  received  120  mg/kg,  three 
female  mice  that  received  60  mg/kg,  one  female 
mouse  that  received  30  mg/kg,  and  one  female 
vehicle  control  mouse  died  before  the  end  of  the 
studies  (Table  19).  Deaths  were  attributed  to 
pneumonia.  The  pneumonia  was  generally  con- 
fined to  the  terminal  bronchioles  and  surround- 
ing alveoli  and  was  characterized  by  necrosis  of 
bronchiolar  and  alveolar  epithelium,  suppura- 
tive inflammation,  fibrosis,  and  varying  degrees 
of  hyperplasia  of  the  remaining  epithelium, 
sometimes  leading  to  bronchiolization  of  alveoli. 
Epithelial  cells  in  one  affected  animal  contained 
intracytoplasmic  inclusions.  The  mice  were 
positive  for  Sendai  titer,  and  the  appearance  of 
the  pneumonia  was  compatible  with  Sendai  vi- 
rus infection.  The  final  mean  body  weights  of 
dosed  and  vehicle  control  mice  were  similar. 
The  heart  weights  of  male  mice  at  30  mg/kg  or 
more,  the  lung  weights  of  male  mice  at  60  and 
120  mg/kg,  the  spleen  weights  of  all  groups  of 
dosed  male  mice,  and  the  spleen  weights  of 


female  mice  at  30  mg/kg  or  more  were  signifi- 
cantly greater  than  those  of  vehicle  controls 
(Figure  8;  Table  F2).  The  hematocrit  value  and 
the  erythrocyte  count  for  almost  all  dosed  groups 
of  mice  were  significantly  lower  than  those  for 
vehicle  controls  (Table  20;  Figures  9 and  10). 
The  methemoglobin  concentration  for  all  groups 
of  male  mice  and  female  mice  dosed  at  15  mg/kg 
or  more  was  significantly  greater  than  those  for 
vehicle  controls.  Compound-related  increases 
were  seen  for  the  hemoglobin  concentration,  the 
number  of  segmented  neutrophils  (females 
only),  the  mean  corpuscular  hemoglobin,  the 
mean  corpuscular  hemoglobin  concentration, 
the  mean  corpuscular  volume,  and  the  number 
of  nucleated  erythrocytes.  Erythrocytes  from 
male  and  female  mice  in  the  mid  (30  mg/kg)  and 
high  (120  mg/kg)  dose  groups  had  moderate  to 
marked  numbers  of  Heinz  bodies  (inclusions  of 
denatured  hemoglobin).  Related  findings  in- 
cluded moderate  to  marked  polychromasia  and 
poikilocytosis  (presence  of  erythrocytes  with  ab- 
normal shapes). 


TABLE  19.  SURVIVAL  AND  MEAN  BODY  WEIGHTS  OF  MICE  IN  THE  THIRTEEN-WEEK  GAVAGE 

STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Mean  Body  Weights  (grams) Final  Weight  Relative 


Dose  (a) 
(mg/kg) 

Survival  (b) 

Initial  (c) 

Final 

Change  (d) 

to  Vehicle  Controls 
(percent) 

MALE 

0 

10/10 

23.2  ± 0.5 

31.9  ± 1.3 

+ 8.7  ± 1.2 

7.5 

10/10 

23.5  ± 0.5 

33.3  ± 1.0 

+ 9.8  ± 0.9 

104.4 

15 

10/10 

24.3  ± 0.5 

32.4  ± 1.0 

+ 8.1  ± 0.8 

101.6 

30 

10/10 

23.1  ± 0.6 

33.6  ± 0.6 

+ 10.5  ± 0.6 

105.3 

60 

10/10 

23.3  ± 0.4 

32.5  ± 0.7 

+ 9.2  ± 0.5 

101.9 

120 

(e)  8/10 

23.7  ± 0.5 

31.8  ± 1.0 

+ 8.4  ± 0.9 

99.7 

FEMALE 

0 

(09/10 

18.6  ± 0.2 

26.6  ± 0.5 

+ 7.9  ±0.4 

7.5 

10/10 

18.2  ± 0.2 

25.7  ± 0.4 

+ 7.5  ± 0.4 

96.6 

15 

10/10 

19.1  ± 0.3 

25.3  ± 0.7 

+ 6.2  ± 0.5 

95.1 

30 

(g)  9/10 

18.1  ± 0.2 

25.2  ± 0.7 

+ 7.1  ± 0.7 

94.7 

60 

(0  7/10 

18.2  ± 0.3 

25.9  ± 0.7 

+ 7.4  ± 0.5 

97.4 

120 

10/10 

18.7  ± 0.3 

26.1  ± 0.4 

+ 7.4  ± 0.2 

98.1 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Number  surviving/number  initially  in  group 

(c)  Initial  group  mean  body  weight  ± standard  error  of  the  mean.  Subsequent  calculations  are  based  on  animals  surviving  to 
the  end  of  the  study. 

(d)  Mean  body  weight  change  of  the  survivors  ± standard  error  of  the  mean 

(e)  Week  of  death:  2,3 

(f)  Week  of  death:  all  2 

(g)  Week  of  death:  6 
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Mean  Spleen  Weight  (g) 


1.00 


• Male  mice 
O Female  mice 


0 7.5  15  30  60  120 


Dose  (mg/kg) 


FIGURE  8.  SPLEEN  WEIGHTS  (MEAN  AND  STANDARD  DEVIATION)  OF  MICE  IN 
THE  THIRTEEN-WEEK  GAVAGE  STUDIES  OF 
p-CHLOROANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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TABLE  20.  HEMATOLOGY  FOR  MICE  IN  THE  THIRTEEN-WEEK  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  7.5  15  30  60  120 

Control  mg/kg  mg/kg  mg/kg  mg/kg  mg/kg 


MALE 


No.  examined 


10 


10 


10 


10 


10 


8 


Leukocytes  (1,000/mm3) 

8.27  ± 

0.516 

6.92  ± 

0.533 

(b)  5.44  ± 

0.697 

7.15  ± 

0.747 

9.26  ± 

0.795 

8.99  ± 

1.284 

Lymphocytes  (1,000/mm3) 
Segmented  neutrophils 

6.01  ± 

0.349 

(b)  3.76  ± 

0.209 

(b)  3.83  ± 

0.686 

4.90  ± 

0.696 

6.06  ± 

0.751 

5.54  ± 

0.711 

(1,000/mm3) 

2.07  ± 

0.331 

3.07  ± 

0.613 

1.46  ± 

0.341 

2.07  ± 

0.293 

3.10  ± 

0.496 

3.35  + 

1.005 

Monocytes  (1,000/mm3) 

0.01  ± 

0.009 

0.04  ± 

0.020 

0.03  ± 

0.017 

0.04  ± 

0.015 

0.03  ± 

0.015 

0.02  + 

0.021 

Eosinophils  (1,000/mm3) 

0.18  ± 

0.055 

0.05  ± 

0.022 

0.11  ± 

0.026 

0.15  ± 

0.047 

0.06  ± 

0.023 

0.08  ± 

0.032 

Hematocrit  (percent) 

48.70  ± 

0.400 

46.90  ± 

0.530 

(c)  45.50  ± 

1.340 

(c)  43.80  ± 

0.530 

(c)  40.40  + 

0.400 

(c)  32.63  ± 

0.820 

Hemoglobin  (g/dl) 

16.7  ± 

0.10 

15.9  ± 

0.15 

16.1  ± 

0.61 

16.3  ± 

0.28 

(b)  18.4  ± 

0.24 

(b)  17.2  + 

0.31 

MCH  (pg) 

15.7  ± 

0.04 

15.5  ± 

0.18 

(b)  16.5  ± 

0.25 

(c)  17.6  ± 

0.25 

(c)  20.9  + 

0.29 

(c)  25.1  + 

0.21 

MCHC  (g/dl) 

34.2  ± 

0.09 

34.0  ± 

0.15 

35.4  ± 

0.53 

(0  37.3  ± 

0.39 

(c)  45.3  ± 

0.71 

(c)  52.6  ± 

0.65 

MCV  (cubic  microns) 
Methemoglobin  (percent 

45.7  ± 

0.15 

45.9  ± 

0.69 

46.5  ± 

0.48 

47.2  ± 

0.44 

46.3  ± 

0.30 

(0  47.9  ± 

0.44 

of  hemoglobin) 

0.63  ± 

0.075 

(c)  1.72  ± 

0.194 

(c)  1.77  ± 

0.140 

(c)  2.36  + 

0.174 

(c)  2.84  ± 

0.388 

(0  3.80  + 

0.201 

Nucleated  erythrocytes 

(1,000/mm3) 

0.00  ± 

0.000 

0.00  ± 

0.000 

0.20  ± 

0.200 

0.30  ± 

0.153 

0.50  ± 

0.307 

(0  3.13  ± 

0.833 

Erythrocytes  (10®/mm3) 

10.66  ± 

0.070 

10.24  ± 

0.130 

(c)  9.79  ± 

0.350 

(c)  9.26  ± 

0.100 

(c)  8.78  ± 

0.090 

(0  6.86  ± 

0.160 

FEMALE 

No.  examined 

9 

10 

10 

9 

7 

10 

Leukocytes  (1,000/mm3) 

6.13  ± 

0.681 

5.10  ± 

0.428 

6.48  ± 

0.334 

7.39  ± 

0.644 

9.37  ± 

0.929 

7.13  ± 

1.022 

Lymphocytes  (1,000/mm3) 
Segmented  neutrophils 

4.87  ± 

0.553 

4.16  ± 

0.332 

5.06  ± 

0.236 

5.70  ± 

0.522 

7.36  ± 

0.870 

5.23  ± 

0.935 

(1,000/mm3) 

1.13  ± 

0.190 

0.83  ± 

0.146 

1.30  ± 

0.184 

1.60  ± 

0.214 

(b)  1.89  ± 

0.238 

(b)  1.75  ± 

0.149 

Monocytes  (1,000/mm3) 

0.04  ± 

0.012 

0.01  ± 

0.007 

0.00  ± 

0.000 

0.00  ± 

0.000 

0.08  ± 

0.038 

0.05  ± 

0.031 

Eosinophils  (1,000/mm3) 

0.09  ± 

0.038 

0.10  ± 

0.025 

0.12  ± 

0.029 

0.08  ± 

0.025 

0.05  ± 

0.030 

0.11  ± 

0.028 

Hematocrit  (percent) 

49.78  ± 

0.720 

(b)  47.30  ± 

0.750 

(b)  47.20  ± 

0.470 

(c)  45.67  ± 

0.530 

(c)  41.43  ± 

1.460 

(0  35.40  ± 

0.650 

Hemoglobin  (g/dl) 

16.8  ± 

0.22 

16.1  ± 

0.22 

16.6  ± 

0.17 

17.1  ± 

0.22 

(c)  19.6  ± 

0.56 

(0  18.1  ± 

0.22 

MCH  (pg) 

15.7  ± 

0.07 

15.7  ± 

0.08 

16.3  ± 

0.13 

(c)  17.8  ± 

0.17 

(c)  22.0  + 

0.59 

(0  25.0  ± 

0.43 

MCHC  (g/dl) 

33.9  ± 

0.16 

34.1  + 

0.13 

35.1  ± 

0.19 

(c)  37.5  ± 

0.36 

(c)  47.2  ± 

1.12 

(0  51.3  ± 

0.80 

MCV  (cubic  microns) 
Methemoglobin  (percent 

46.3  ± 

0.33 

46.0  + 

0.26 

46.4  ± 

0.37 

47.6  ± 

0.24 

46.9  ± 

0.63 

(c)  48.8  ± 

0.44 

of  hemoglobin) 

0.29  ± 

0.071 

0.30  ± 

0.112 

(c)  1.65  ± 

0.189 

(c)  2.88  ± 

0.360 

(c)  3.22  ± 

0.146 

(c)  3.32  ± 

0.257 

Nucleated  erythrocytes 
(1,000/mm3) 
Erythrocytes  (10®/mm3) 


0.22  ± 0.147 
10.69  ± 0.150 


0.00  ± 0.000 
10.30  ± 0.160 


0.10  ± 0.100 
10.18  ± 0.150 


0.00  ± 0.000 
(c)  9.63  ± 0.100 


0.86  ± 0.404 

(c)  8.93  ± 0.330 


(c)  5.80  ± 1.218 
(c)  7.26  i 0.150 


(a)  Mean  ± standard  error.  MCH  = mean  corpuscular  hemoglobin;  MCHC  = mean  corpuscular  hemoglobin  concentration;  MCV  = mean  corpuscular  volume;  P values 
are  vs.  the  vehicle  controls;  Dunnett’s  test  was  used  when  a nonsignificant  result  was  obtained  by  the  Jonckheere  trend  test;  otherwise  Williams'  test  was  used  (Dunnett, 
1980;  Jonckheere,  1954;  Williams,  1971, 1972);  doses  calculated  as  p-chloroaniline. 

(b)  P<0.05  vs.  vehicle  controls 

(c)  PC0.01  vs.  vehicle  controls 
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Hematocrit  (percent) 


Dose  (mg/kg) 


FIGURE  9.  PERCENTAGE  HEMATOCRIT  AND  ERYTHROCYTE  COUNT 
(AND  STANDARD  DEVIATION)  FOR  MALE  MICE  IN  THE  THIRTEEN-WEEK 
GAVAGE  STUDIES  OF  p-CHLOROANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 
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Erythrocytes  (106/pl) 


Dose  (mg/kg) 


FIGURE  10.  PERCENTAGE  HEMATOCRIT  AND  ERYTHROCYTE  COUNT 
(AND  STANDARD  DEVIATION)  FOR  FEMALE  MICE  IN  THE  THIRTEEN-WEEK 
GAVAGE  STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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Erythrocytes  (106/p  I ) 


III.  RESULTS:  MICE 


Compound-related  effects  in  the  13-week  studies 
included  increased  incidences  of  pigmentation 
(hemosiderin)  of  the  kidney  and  Kupffer  cells  of 
the  liver  and  hematopoiesis  of  the  spleen  (Ta- 
ble 21).  The  severity  of  the  hematopoiesis  in- 
creased as  the  dose  increased. 

Dose  Selection  Rationale:  Major  compound-re- 
lated effects  observed  in  mice  were  hemolytic 
anemia,  methemoglobinemia,  and  splenomega- 
ly. The  hemolytic  anemia  and  splenomegaly  re- 
sponses were  dose  related.  Methemoglobin 
levels  ranged  from  0.3%  to  3.8%  in  dosed  groups 
compared  with  0.3%  to  0.6%  in  vehicle  controls. 
It  was  judged  that  doses  higher  than  30  mg/kg 
for  the  2-year  studies  might  produce  severe  ane- 
mia in  animals  because  hematocrit  and  erythro- 
cyte values  were  reduced  substantially  in  the 
13-week  studies  at  doses  of  60  and  120  mg/kg. 


Furthermore,  the  magnitude  of  splenomegaly 
was  thought  to  be  too  great  for  selection  of  doses 
higher  than  30  mg/kg.  Based  on  this  in- 
formation, 30  mg/kg  was  selected  as  the  high 
dose  and  3 and  10  mg/kg  as  the  low  and  mid 
doses,  respectively.  This  dose  regimen  was  ex- 
pected to  achieve  a no-effect  level  at  the  low  dose 
and  some  effects  on  the  hematopoietic  system  at 
the  mid  dose  in  the  2-year  studies. 

TWO-YEAR  STUDIES 

Body  Weights  and  Clinical  Signs 

Mean  body  weights  of  high  dose  male  and  female 
mice  were  generally  within  5%  of  those  of  vehi- 
cle controls  throughout  the  studies  (Table  22  and 
Figure  11).  No  compound-related  clinical  signs 
were  observed. 


TABLE  21.  NUMBER  OF  MICE  WITH  SELECTED  LESIONS  IN  THE  THIRTEEN-WEEK  GAVAGE 
STUDIES  OF  p-CHLOROANILINE  HYDROCHLORIDE  (a) 


Site/Lesion 


Dose  (mg/kg) 

0 7.5  15  30  60  120 


MALE 

Kidney 

Hemosiderosis 

Liver 

Hemosiderosis  of  Kupffer  cells 
Spleen 

Hematopoiesis 

FEMALE 

Kidney 

Hemosiderosis 

Liver 

Hemosiderosis  of  Kupffer  cells 
Spleen 

Hematopoiesis 


10 


10 


10 


10 


10 


10 


10 


10 


(a)  Ten  animals  in  each  group  examined;  all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight. 
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TABLE  22.  MEAN  BODY  WEIGHTS  OF  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLOROANILINE  HYDROCHLORIDE 


Weeks 

on 

Study 

Vehicle  Control 

3 mg/kg 

10  mg/kg 

30  mg/kg 

Av.  Wt. 
(grams) 

No. 

Weighed 

Av.  Wt.  Wt.  (percent  of 
(grams)  veh.  controls) 

No. 

Weighed 

Av.  Wt.  Wt.  (percent  of 
(grams)  veh.  controls) 

No. 

Weighed 

Av.  Wt.  Wt.  (percent  of 
(grams)  veh.  controls) 

No. 

Weighed 

MALE 

i 

21.9 

50 

21.8 

99.5 

50 

22.5 

102.7 

50 

21.6 

98.6 

50 

2 

23.3 

50 

23.8 

102.1 

50 

24.0 

103.0 

50 

23.7 

101.7 

50 

3 

24.0 

50 

24.9 

103.8 

50 

25.1 

104.6 

50 

24.8 

103.3 

50 

4 

25.5 

50 

26.2 

102.7 

50 

26.7 

104.7 

50 

26.6 

104.3 

50 

5 

27.7 

50 

27.6 

99.6 

50 

28.4 

102.5 

50 

28.0 

101.1 

50 

6 

28.6 

50 

28.0 

97.9 

50 

29.0 

101.4 

50 

28.2 

98.6 

50 

7 

28.5 

50 

28.6 

100.4 

50 

29.7 

104.2 

50 

28.6 

100.4 

50 

8 

28.9 

50 

29.6 

102.4 

50 

30.5 

105.5 

50 

29.3 

101.4 

50 

9 

30.2 

50 

30.9 

102.3 

50 

31.2 

103.3 

50 

29.9 

99.0 

50 

10 

30.3 

50 

29.4 

97.0 

50 

30.2 

99.7 

50 

28.8 

95.0 

50 

11 

31.2 

50 

31.6 

101.3 

50 

31.9 

102.2 

50 

31.0 

99.4 

50 

12 

31.0 

50 

30.6 

98.7 

50 

32.3 

104.2 

50 

31.8 

102.6 

50 

13 

32.0 

50 

31.4 

98.1 

50 

31.7 

99.1 

50 

31.7 

99.1 

50 

17 

33.5 

50 

34.3 

102.4 

50 

34.3 

102.4 

50 

33.1 

98.8 

50 

22 

35.2 

50 

34.9 

99.1 

49 

35.1 

99.7 

50 

35.2 

100.0 

50 

26 

35.7 

50 

35.3 

98.9 

49 

36.2 

101.4 

50 

35.9 

100.6 

50 

30 

37.5 

50 

36.7 

97.9 

49 

37.9 

101.1 

50 

37.0 

98.7 

50 

34 

38.7 

50 

37.3 

96.4 

49 

38.6 

99.7 

50 

38.2 

98.7 

50 

38 

42.8 

50 

41.3 

96.5 

48 

42.8 

100.0 

50 

42.2 

98.6 

50 

42 

44.4 

50 

43.4 

97.7 

48 

44.7 

100.7 

50 

44.1 

99.3 

50 

46 

43.7 

50 

42.5 

97.3 

48 

43.8 

100.2 

50 

42.0 

96.1 

50 

50 

41.6 

50 

37.8 

90.9 

48 

41.5 

99.8 

50 

41.7 

100.2 

50 

54 

42.9 

50 

40.9 

95.3 

48 

42.8 

99.8 

50 

42.9 

100.0 

50 

58 

43.1 

50 

42.8 

99.3 

47 

44.5 

103.2 

49 

44.2 

102.6 

49 

62 

45.0 

50 

43.8 

97.3 

47 

44.0 

97.8 

48 

44.9 

99.8 

49 

66 

45.1 

50 

43.9 

97.3 

46 

44.4 

98.4 

(a)  28 

45.5 

100.9 

49 

70 

44.8 

50 

43.8 

97.8 

45 

43.9 

98.0 

47 

44.6 

99.6 

49 

74 

44.9 

48 

43.0 

95.8 

45 

43.2 

96.2 

45 

45.6 

101.6 

47 

78 

44.9 

47 

43.6 

97.1 

45 

43.8 

97.6 

44 

44.6 

99.3 

46 

82 

45.4 

47 

43.9 

96.7 

45 

44.6 

98.2 

(a)  38 

45.3 

99.8 

(a)  44 

86 

45.6 

46 

43.5 

95.4 

45 

44.4 

97.4 

43 

44.8 

98.2 

46 

90 

44.3 

46 

43.1 

97.3 

45 

43.4 

98.0 

43 

44.0 

99.3 

45 

94 

44.9 

(a)  44 

42.6 

94.9 

(a)  43 

42.5 

94.7 

(a)  40 

43.1 

96.0 

(a)  41 

98 

44.2 

43 

42.6 

96.4 

40 

42.8 

96.8 

34 

42.4 

95.9 

(a)  41 

102 

42.9 

43 

42.2 

98.4 

37 

41.8 

97.4 

30 

41.1 

95.8 

37 

FEMALE 

l 

16.8 

50 

16.3 

97.0 

50 

17.1 

101.8 

50 

17.3 

103.0 

50 

2 

17.1 

49 

17.9 

104.7 

47 

18.2 

106.4 

50 

18.3 

107.0 

50 

3 

19.1 

49 

18.7 

97.9 

47 

19.3 

101.0 

50 

19.5 

102.1 

50 

4 

20.0 

49 

19.9 

99.5 

47 

20.4 

102.0 

50 

20.7 

103.5 

50 

5 

20.6 

49 

21.3 

103.4 

47 

21.5 

104.4 

50 

21.5 

104.4 

50 

6 

21.2 

49 

21.6 

101.9 

47 

21.9 

103.3 

50 

21.5 

101.4 

50 

7 

22.0 

49 

22.2 

100.9 

47 

22.1 

100.5 

50 

21.9 

99.5 

50 

8 

22.2 

49 

22.6 

101.8 

47 

22.9 

103.2 

50 

23.1 

104.1 

50 

9 

23.2 

49 

23.2 

100.0 

47 

23.7 

102.2 

50 

23.8 

102.6 

50 

10 

22.7 

49 

22.7 

100.0 

47 

22.6 

99.6 

50 

24.5 

107.9 

50 

11 

23.4 

49 

23.6 

100.9 

47 

23.4 

100.0 

50 

23.4 

100.0 

50 

12 

23.6 

49 

23.6 

100.0 

47 

23.9 

101.3 

50 

23.7 

100.4 

50 

13 

24.0 

49 

23.7 

98.8 

47 

24.2 

100.8 

50 

24.6 

102.5 

50 

17 

25.4 

49 

25.2 

99.2 

47 

25.5 

100.4 

50 

25.9 

102.0 

50 

22 

26.7 

48 

26.7 

100.0 

47 

27.2 

101.9 

50 

27.2 

101.9 

50 

26 

28.1 

48 

27.7 

98.6 

47 

27.7 

98.6 

50 

28.2 

100.4 

50 

30 

28.5 

48 

28.2 

98.9 

47 

28.9 

101.4 

50 

29.4 

103.2 

50 

34 

30.5 

48 

29.6 

97.0 

47 

29.8 

97.7 

50 

29.3 

96.1 

50 

38 

31.7 

48 

31.5 

99.4 

47 

32.5 

102.5 

50 

31.8 

100.3 

50 

42 

33.4 

48 

32.9 

98.5 

47 

34.0 

101.8 

50 

32.9 

98.5 

50 

46 

33.7 

48 

33.8 

100.3 

47 

34.4 

102.1 

50 

33.0 

97.9 

50 

50 

34.7 

48 

34.3 

98.8 

47 

34.4 

99.1 

50 

33.4 

96.3 

50 

54 

36.2 

48 

35.2 

97.2 

47 

35.3 

97.5 

50 

35.5 

98.1 

50 

58 

36.9 

48 

36.8 

99.7 

47 

37.2 

100.8 

50 

36.8 

99.7 

50 

62 

39.0 

48 

37.9 

97.2 

47 

39.5 

101.3 

50 

38.0 

97.4 

50 

66 

40.7 

48 

39.1 

96.1 

46 

40.4 

99.3 

50 

38.6 

94.8 

49 

70 

41.0 

47 

39.9 

97.3 

46 

41.3 

100.7 

50 

39.0 

95.1 

49 

74 

40.9 

47 

38.8 

94.9 

46 

41.8 

102.2 

50 

39.7 

97.1 

49 

78 

40.1 

46 

39.5 

98.5 

45 

41.5 

103.5 

48 

40.3 

100.5 

49 

82 

41.8 

(a)  45 

41.5 

99.3 

45 

42.0 

100.5 

(a)  46 

41.5 

99.3 

(a)  47 

86 

42.3 

46 

42.3 

100.0 

45 

42.9 

101.4 

48 

42.2 

99.8 

48 

90 

43.1 

46 

42.6 

98.8 

45 

43.1 

100.0 

47 

41.3 

95.8 

46 

94 

43.4 

46 

42.6 

98.2 

(a)  43 

43.6 

100.5 

47 

41.8 

96.3 

45 

98 

44.2 

44 

44.0 

99.5 

44 

45.2 

102.3 

44 

43.1 

97.5 

44 

102 

44.4 

42 

43.9 

98.9 

43 

45.2 

101.8 

44 

43.5 

98.0 

42 

(a)  The  number  of  animals  weighed  was  lower  than  the  number  of  animals  surviving. 
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MEAN  BODY  WEIGHT  IN  GRAMS  MEAN  BODY  WEIGHT  IN  GRAMS 


50 
45 
40 
35 
30 
25 
20 
15 

0 15  30  45  60  75  90  105 

WEEKS  ON  STUDY 

FIGURE  11.  GROWTH  CURVES  FOR  MICE  ADMINISTERED  p-CHLORO ANILINE 
HYDROCHLORIDE  BY  GAVAGE  FOR  TWO  YEARS 

(all  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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III.  RESULTS:  MICE 


Survival 

Estimates  of  the  probabilities  of  survival  for 
male  and  female  mice  administered  p-chloroani- 
line  hydrochloride  at  the  doses  used  in  these 
studies  and  for  vehicle  controls  are  shown  in  Ta- 
ble 23  and  in  the  Kaplan  and  Meier  curves  in 
Figure  12.  The  survival  of  the  mid  dose  group  of 
male  mice  was  significantly  lower  than  that  of 
the  vehicle  controls  after  week  99.  No  other  sig- 
nificant differences  in  survival  were  observed 
between  any  groups  of  males  or  females. 


Pathology  and  Statistical  Analyses  of 
Results 

This  section  describes  the  statistically  signifi- 
cant or  biologically  noteworthy  changes  in  the 
incidences  of  mice  with  neoplastic  or  nonneo- 
plastic lesions  of  the  liver,  circulatory  system, 
hematopoietic  system,  and  kidney. 

Summaries  of  the  incidences  of  neoplasms  and 
nonneoplastic  lesions,  individual  animal  tumor 
diagnoses,  statistical  analyses  of  primary  tu- 
mors that  occurred  with  an  incidence  of  at  least 
5%  in  at  least  one  animal  group,  and  historical 
control  incidences  for  the  neoplasms  mentioned 
in  this  section  are  presented  in  Appendixes  C 
and  D for  male  and  female  mice,  respectively. 


TABLE  23.  SURVIVAL  OF  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF  p-CHLORO ANILINE 

HYDROCHLORIDE  (a) 


Vehicle  Control 

3 mg/kg 

10  mg/kg 

30  mg/kg 

MALE  (b) 


Animals  initially  in  study 

50 

50 

50 

50 

Nonaccidental  deaths  before  termination  (c) 

7 

13 

21 

15 

Animals  missing 

0 

1 

0 

0 

Killed  at  termination 

43 

36 

29 

35 

Survival  P values  (d) 

0.295 

0.211 

0.005 

0.110 

FEMALE  (b) 

Animals  initially  in  study 

50 

50 

50 

50 

Nonaccidental  deaths  before  termination  (c) 

10 

5 

6 

9 

Accidentally  killed 

1 

3 

0 

0 

Killed  at  termination 

39 

42 

44 

41 

Survival  P values  (d) 

0.875 

0.298 

0.408 

0.966 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  First  day  of  termination  period:  728  (week  104) 

(c)  Includes  animals  killed  in  a moribund  condition 

(d)  The  result  of  the  life  table  trend  test  is  in  the  vehicle  control  column,  and  the  results  of  the  life  table  pairwise  comparisons 
with  the  vehicle  controls  are  in  the  dosed  columns. 
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PROBABILITY  OF  SURVIVAL  PROBABILITY  OF  SURVIVAL 


WEEKS  ON  STUDY 


FIGURE  12.  KAPLAN-MEIER  SURVIVAL  CURVES  FOR  MICE  ADMINISTERED 
p-CHLOROANILINE  HYDROCHLORIDE  BY  GAVAGE  FOR  TWO  YEARS 

(ail  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight) 
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III.  RESULTS:  MICE 


Liver:  Pigmentation  (hemosiderin)  of  the  Kupf- 
fer  cells  was  observed  in  high  dose  mice  (male: 
vehicle  control,  0/50;  low  dose,  0/49;  mid  dose, 
0/50;  high  dose,  50/50;  female:  0/50;  0/50;  1/50; 
46/50).  Hepatocellular  adenomas  in  male  mice 
occurred  with  a significant  negative  trend,  and 
hepatocellular  carcinomas  in  male  mice  oc- 
curred with  a significant  positive  trend  (Ta- 
ble 24).  The  incidences  of  hepatocellular  car- 
cinomas in  mid  and  high  dose  males  and  of 


hepatocellular  adenomas  or  carcinomas  (com- 
bined) in  low,  mid,  and  high  dose  males  were  sig- 
nificantly greater  than  those  in  vehicle  controls. 
Hepatocellular  carcinomas  metastasized  to  the 
lung  in  1/50  vehicle  control,  1/49  low  dose,  2/50 
mid  dose,  and  9/50  high  dose  male  mice.  Hep- 
atocellular adenomas  or  carcinomas  (combined) 
were  observed  in  6/50  vehicle  control,  9/50  low 
dose,  8/50  mid  dose,  and  11/50  high  dose  female 
mice. 


TABLE  24.  HEPATOCELLULAR  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control  3 mg/kg  10  mg/kg  30  mg/kg 


Adenoma  (b) 


Overall  Rates 

9/50  (18%) 

15/49(31%) 

10/50(20%) 

4/50  (8%) 

Adjusted  Rates 

20.9% 

36.0% 

29.1% 

11.4% 

Terminal  Rates 

9/43  (21%) 

10/36  (28%) 

7/29  (24%) 

4/35(11%) 

Day  of  First  Observation 

728 

432 

443 

728 

Life  Table  Tests 

P = 0.044N 

P = 0.060 

P = 0.205 

P = 0.209N 

Logistic  Regression  Tests 

P = 0.020N 

P = 0.097 

P = 0.478 

P = 0.209N 

Carcinoma  (c) 

Overall  Rates 

3/50  (6%) 

7/49(14%) 

11/50(22%) 

17/50(34%) 

Adjusted  Rates 

7.0% 

16.3% 

25.9% 

37.9% 

Terminal  Rates 

3/43  (7%) 

2/36  (6%) 

1/29  (3%) 

8/35  (23%) 

Day  of  First  Observation 

728 

637 

514 

490 

Life  Table  Tests 

PC0.001 

P = 0.127 

P = 0.011 

P<0.001 

Logistic  Regression  Tests 

PC0.001 

P = 0.149 

P = 0.034 

P<0.001 

Metastatic  to  Lung 

1/50 

1/49 

2/50 

9/50 

Adenoma  or  Carcinoma  (d) 

Overall  Rates 

11/50(22%) 

21/49  (43%) 

20/50  (40%) 

21/50  (42%) 

Adjusted  Rates 

25.6% 

46.4% 

47.0% 

47.1% 

Terminal  Rates 

11/43  (26%) 

12/36(33%) 

8/29  (28%) 

12/35(34%) 

Day  of  First  Observation 

728 

432 

443 

490 

Life  Table  Tests 

P=0.081 

P = 0.012 

P = 0.007 

P = 0.010 

Logistic  Regression  Tests 

P = 0.117 

P = 0.019 

P = 0.045 

P = 0.027 

(a)  The  statistical  analyses  used  are  discussed  in  Section  II  (Statistical  Methods)  and  Table  C3  (footnotes);  all  doses  calculated 
as  milligrams  p-chloroaniline  per  kilogram  body  weight. 

(b)  Historical  incidence  in  water  gavage  vehicle  controls  (mean  ± SD):  54/347  (16%  ± 4%);  historical  incidence  in  untreated 
controls  in  NTP  studies:  259/2,032(13%  ± 7%) 

(c)  Historical  incidence  in  water  gavage  vehicle  controls  (mean  ± SD):  56/347(16%  ± 8%);  historical  incidence  in  untreated 
controls  in  NTP  studies:  379/2,032(19%  ± 7%) 

(d)  Historical  incidence  in  water  gavage  vehicle  controls  (mean  ± SD):  106/347  (31%  ± 6%);  historical  incidence  in  untreated 
controls  in  NTP  studies:  609/2,032  (30%  ± 8%) 
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III.  RESULTS:  MICE 


Circulatory  System:  The  incidence  of  hemangio- 
sarcomas  in  high  dose  male  mice  was  marginally 
increased  relative  to  that  in  vehicle  controls  (Ta- 
ble 25).  Nearly  all  of  the  hemangiosarcomas  oc- 
curred in  the  liver  or  spleen  (liver:  vehicle  con- 
trol, 2/50;  low  dose,  2/49;  mid  dose,  1/50;  high 
dose,  6/50;  spleen:  3/50;  2/49;  0/50;  5/50).  One 
vehicle  control  male  mouse  and  three  high  dose 
male  mice  had  liver  neoplasms  with  characteris- 
tics of  hepatocellular  carcinomas  but  which  also 
contained  vascular  elements  similar  to  those  of 


hemangiosarcomas;  both  hepatocellular  carcino- 
mas and  hepatic  hemangiosarcomas  were  diag- 
nosed in  each  of  these  animals.  However,  it  is 
not  uncommon  for  hepatocellular  carcinomas  to 
contain  prominent,  dilated,  vascular  spaces  or 
areas  of  necrosis  and  hemorrhage  with  reactive 
endothelial  cells  and  fibroblasts  that  resemble  a 
vascular  neoplasm.  For  these  lesions,  it  is  diffi- 
cult to  determine  if  two  distinctly  different  pri- 
mary neoplasms  are  present. 


TABLE  25.  HEMANGIOSARCOMAS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control 

3 mg/kg 

10  mg/kg 

30  mg/kg 

Liver 

Overall  Rates 

2/50  (4%) 

2/50  (4%) 

1/50(2%) 

6/50(12%) 

Spleen 

Overall  Rates 

3/50  (6%) 

2/50  (4%) 

0/50  (0%) 

5/50(10%) 

All  Sites  (b) 

Overall  Rates 

4/50  (8%) 

4/49  (8%) 

1/50(2%) 

10/50  (20%) 

Adjusted  Rates 

9.3% 

9.7% 

3.4% 

23.9% 

Terminal  Rates 

4/43  (9%) 

2/36  (6%) 

1/29(3%) 

5/35(14%) 

Day  of  First  Observation 

728 

479 

728 

399 

Life  Table  Tests 

P = 0.011 

P = 0.560 

P = 0.315N 

P = 0.047 

Logistic  Regression  Tests 

P = 0.014 

P = 0.639N 

P = 0.313N 

P = 0.083 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

(b)  Historical  incidence  of  hemangiomas  or  hemangiosarcomas  (combined)  in  water  gavage  vehicle  controls  (mean  ± SD): 
11/350(3%  ± 3%);  historical  incidence  in  untreated  controls  in  NTP  studies:  98/2,040(5%  ± 4%) 
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III.  RESULTS:  MICE 


Hematopoietic  System:  Proliferation  of  hemato- 
poietic cells  in  the  liver  was  observed  at  in- 
creased incidences  in  dosed  female  mice  (male: 
vehicle  control,  7/50;  low  dose,  4/49;  mid  dose, 
7/50;  high  dose,  5/50;  female:  15/50;  29/50; 

24/50;  31/50).  The  incidences  of  malignant  lym- 
phomas in  low  and  high  dose  males  and  in  mid 
and  high  dose  females  were  significantly  lower 


than  those  in  vehicle  controls  (Table  26). 

Kidney:  Multifocal  renal  tubular  pigmentation 
(hemosiderin)  was  observed  in  high  dose  female 
mice  (male:  vehicle  control,  0/50;  low  dose,  0/6; 
mid  dose,  0/10;  high  dose,  4/49;  female:  0/50;  0/7; 
0/4;  38/49). 


TABLE  26.  MALIGNANT  LYMPHOMAS  IN  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDIES  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle  Control 

3 mg/kg 

10  mg/kg 

30  mg/kg 

MALE  (b) 

Overall  Rates 

10/50(20%) 

3/49  (6%) 

9/50(18%) 

3/50  (6%) 

Adjusted  Rates 

21.6% 

7.7% 

23.9% 

8.0% 

Terminal  Rates 

7/43(16%) 

1/36  (3%) 

4/29  (14%) 

2/35  (6%) 

Day  of  First  Observation 

496 

674 

423 

682 

Life  Table  Tests 

P = 0.149N 

P = 0.072N 

P = 0.443 

P = 0.074N 

Logistic  Regression  Tests 

P = 0.095N 

P = 0.037N 

P = 0.397N 

P = 0.034N 

FEMALE  (c) 

Overall  Rates 

19/50(38%) 

12/50  (24%) 

5/50(10%) 

10/50(20%) 

Adjusted  Rates 

41.3% 

27.8% 

10.3% 

23.0% 

Terminal  Rates 

12/39  (31%) 

11/42  (26%) 

2/44(5%) 

8/41  (20%) 

Day  of  First  Observation 

666 

528 

521 

609 

Life  Table  Tests 

P = 0.082N 

P = 0.083N 

P = 0.001N 

P = 0.041N 

Logistic  Regression  Tests 

P = 0.071N 

P = 0.104N 

P = 0.001N 

P = 0.032N 

(a)  All  doses  calculated  as  milligrams  p-chloroaniline  per  kilogram  body  weight 

ft))  Historical  incidence  of  lymphomas  or  leukemia  (combined)  in  water  gavage  vehicle  controls  (mean  ± SD):  42/350 
(12%  ± 6%);  historical  incidence  in  untreated  controls  in  NTP  studies:  252/2,040(12%  ± 7%) 

(c)  Historical  incidence  of  lymphomas  or  leukemia  (combined)  in  water  gavage  vehicle  controls  (mean  ± SD):  122/350 
(35%  ± 10%);  historical  incidence  in  untreated  controls  in  NTP  studies:  636/2,040(31%  ± 13%) 
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III.  RESULTS:  GENETIC  TOXICOLOGY 


Mutagenic  activity  for  p-chloroaniline  was  ob- 
served by  two  laboratories  in  strain  TA98  in  the 
presence  of  Aroclor  1254-induced  male  Sprague 
Dawley  rat  or  Syrian  hamster  S9,  and  one  labo- 
ratory noted  an  increase  in  revertant  colonies  in 
strain  TA100  in  the  presence  of  hamster  S9  only 
(Table  27).  No  mutagenic  activity  was  reported 
in  strains  TA97,  TA1535,  or  TA1537.  Trifluoro- 
thymidine  resistance  was  observed  in  cultured 
mouse  L5178Y  lymphoma  cells  both  with  and 
without  Aroclor  1254-induced  male  F344  rat 
liver  S9  (Table  28).  p-Chloroaniline  induced  sis- 
ter chromatid  exchanges  (SCEs)  both  in  the 
presence  and  absence  of  Aroclor  1254-induced 


male  Sprague  Dawley  rat  liver  S9;  tests  per- 
formed at  Environmental  Health  Research  and 
Testing  (EHRT)  found  an  increase  in  SCEs  only 
in  the  absence  of  S9  (Table  29).  Chromosomal 
aberration  studies  conducted  at  Litton  Bionetics, 
Inc.  (LBI),  showed  a significant  increase  in  aber- 
rations in  the  presence  of  S9  (Table  30).  No  sig- 
nificant increase  in  aberrations  in  either  the 
presence  or  absence  of  S9  was  observed  in  a 
study  conducted  by  EHRT;  however,  the  maxi- 
mum doses  of  p-chloroaniline  used  in  this  study 
were  lower  than  the  doses  that  produced  positive 
responses  in  the  LBI  study. 
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TABLE  27.  MUTAGENICITY  OF  p-CHLOROANILINE  IN  SALMONELLA  TYPHIMURIUM  (a) 


Strain  Dose 

(pg/plate) 


Revertants/Plate  (b) 


Study  performed  at  SRI  International 


- 

S9 

+ S9  (hamster) 

+ S9  (rat) 

TA100  0 

131  ± 

8.3 

169  ± 

9.5 

172  ± 

5.3 

33 

128  ± 

9.5 

158  ± 

10.1 

164  ± 

2.2 

100 

124  ± 

12.5 

151  ± 

6.1 

161  ± 

12.0 

333 

113  ± 

11.9 

148  ± 

5.2 

163  ± 

10.8 

1,000 

120  ± 

3.5 

170  ± 

9.8 

173  ± 

7.6 

1,666 

Toxic 

160  ± 

6.4 

155  ± 

3.7 

Trial  summary 

Negative 

Negative 

Negative 

Positive 
control  (c) 

510  ± 

11.1 

2,285  ± 

42.7 

1,053  ± 

75.0 

TA1535  0 

23  ± 

1.8 

5 ± 

0.9 

8 ± 

0.6 

33 

18  ± 

2.9 

11  ± 

1.5 

10  ± 

0.6 

100 

16  ± 

0.9 

9 ± 

1.5 

8 ± 

1.5 

333 

22  ± 

1.3 

8 ± 

1.3 

10  ± 

1.2 

1,000 

22  ± 

2.6 

11  ± 

3.1 

10  ± 

2.1 

1,666 

(d)0  ± 

0.0 

11  ± 

1.0 

9 ± 

2.3 

Trial  summary 

Negative 

Negative 

Negative 

Positive 
control  (c) 

451  ± 

26.8 

600  ± 

17.8 

232  ± 

9.2 

TA97  0 

166  ± 

7.7 

178  ± 

10.7 

193  ± 

5.1 

33 

173  ± 

10.7 

171  ± 

17.2 

207  ± 

3.1 

100 

170  ± 

4.7 

186  ± 

12.7 

190  ± 

12.2 

333 

162  ± 

6.0 

206  ± 

10.3 

205  ± 

2.9 

1,000 

126  ± 

6.4 

202  ± 

28.4 

203  ± 

3.7 

1,666 

Toxic 

185  ± 

1.2 

(d)95  ± 

5.0 

Trial  summary 

Negative 

Negative 

Negative 

Positive 
control  (c) 

1,615  ± 

55.6 

1,466  ± 

12.8 

1,235  ± 

24.1 

-S9 

+ S9  (hamster) 

+ S9  (rat) 

Trial  1 

Trial  1 

Trial  2 

Trial  1 

Trial  2 

TA98  0 

21  ± 1.5 

24  ± 

2.1 

36  ± 1.5 

28  ± 

1.7 

27  ± 

2.6 

33 

23  ± 1.7 

36  ± 

4.0 

39  ± 1.8 

30  ± 

2.3 

31  ± 

3.8 

100 

23  ± 0.9 

38  ± 

7.2 

34  ± 3.2 

41  ± 

5.2 

35  ± 

4.3 

333 

22  ± 3.8 

53  ± 

6.7 

44  ± 3.1 

56  ± 

8.4 

49  ± 

5.1 

666 

- 

- 

76  ± 3.2 

- 

65  ± 

5.5 

1,000 

24  ± 1.7 

93  ± 

1.9 

69  ± 2.9 

80  ± 

2.4 

88  ± 

6.9 

1,666 

Toxic 

83  ± 

7.0 

55  ± 

8.1 

-- 

Trial  summary 

Negative 

Positive 

Positive 

Positive 

Positive 

Positive 
control  (c) 

1,626  ± 93.3 

1,660  ± 

60.2 

829  ± 83.6 

690  ± 

49.7 

248  ± 

20.6 
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TABLE  27.  MUTAGENICITY  OF  p-CHLORO ANILINE  IN  SALMONELLA  TYPHIMURIUM  (Continued) 


Strain  Dose 

(pg/plate) 


Revertants/Plate  (b) 


Study  performed  at  Microbiological  Associates 


— S9 

+ S9  (hamster) 

5% 

10%  30% 

30% 

TA100 

0 

99  ± 

4.7 

92  ± 

3.2 

86  ± 

3.3 

109  ± 4.4 

114  ± 

11.1 

33 

103  ± 

2.6 

83  ± 

4.4 

94  ± 

4.9 

144  ± 3.3 

115  ± 

0.7 

100 

97  ± 

2.9 

92  ± 

5.2 

97  ± 

3.2 

142  ± 0.0 

134  ± 

8.9 

333 

102  ± 

0.9 

83  ± 

6.1 

100  ± 

7.9 

149  ± 25.7 

160  ± 

10.8 

1,000 

(d)90  ± 

1.3 

96  ± 

9.2 

106  ± 

3.2 

178  ± 5.5 

174  ± 

12.2 

1,500 

- 

(d)  57  ± 

13.0 

(d)  85  ± 

7.5 

- 

(d) 158  ± 

8.8 

2,000 

(d)  33  ± 

18.0 

-- 

-- 

(d)  100  ± 47.7 

-- 

Trial  summary 

Negative 

Negative 

Negative 

Equivocal 

Weakly  positive 

Positive 

control  (c) 

453  ± 

2.0 

1,714  ± 

97.5 

904  ± 

8.4 

493  ± 14.6 

505  ± 

36.9 

+ S9  (rat) 

5% 

10% 

30% 

30% 

TA100 

0 

87  ± 

3.8 

98  ± 

9.7 

130  ± 

2.1 

121  ± 0.3 

33 

98  ± 

5.0 

99  ± 

3.5 

136  ± 

7.8 

102  ± 7.0 

100 

84  ± 

6.4 

99  ± 

4.9 

144  ± 

7.2 

107  ± 2.3 

333 

93  ± 

0.3 

99  ± 

9.0 

146  ± 

19.8 

111  ± 3.5 

1,000 

105  ± 

1.2 

107  ± 

3.2 

162  ± 

8.6 

130  ± 6.1 

1,500 

(d)69  ± 

2.3 

(d)78  ± 

1.5 

- 

(d)  129  ± 2.7 

2,000 

-- 

-- 

(d)  98  ± 

15.3 

-- 

Trial  summary 

Negative 

Negative 

Negative 

Negative 

Positive 

control  (c) 

1,043  ± 

29.3 

993  ± 

84.3 

729  ± 

7.1 

859  ± 3.3 

S9 

+ S9  (hamster) 

5% 

10% 

30% 

30% 

30% 

TA98 

0 

38  ± 

5.8 

26  ± 

1.7 

29  ± 

2.0 

55  ± 2.3 

26  ± 

1.8 

24  ± 

0.6 

33 

39  ± 

1.2 

35  ± 

1.9 

27  ± 

2.5 

49  ± 5.2 

25  ± 

1.8 

23  ± 

1.9 

100 

37  ± 

6.5 

26  ± 

3.0 

28  ± 

2.2 

57  ± 1.8 

24  ± 

1.0 

29  ± 

1.8 

333 

37  ± 

8.4 

39  ± 

1.9 

47  ± 

3.8 

63  ± 3.5 

44  ± 

2.4 

30  ± 

1.9 

1,000 

26  ± 

0.6 

50  ± 

2.8 

73  ± 

6.4 

(d)90±  7.1 

42  ± 

6.2 

66  ± 

4.4 

1,500 

— 

(d)  32  ± 

3.0 

(d)  61  ± 

3.8 

- 

(d)  60  ± 

7.5 

(d)  57  ± 

1.5 

2,000 

(d)  8 ± 

2.0 

-- 

-- 

(d)  21  ± 11.1 

-- 

-- 

Trial  summary 

Negative 

Weakly  positive 

Positive 

Equivocal 

Weakly  positive 

Weakly  positive 

Positive 

control  (d) 

205  ± 

12.8 

107  ± 

12.0 

77  ± 

7.9 

111  ± 5.7 

142  ± 

5.5 

70  ± 

4.0 

+ S9  (rat) 

5% 

10% 

30% 

30% 

30% 

TA98 

0 

23  ± 

5.3 

26  ± 

1.5 

51  ± 

3.5 

30  ± 3.2 

27  ± 

2.9 

33 

29  ± 

2.7 

31  ± 

1.5 

54  ± 

0.6 

28  ± 1.8 

26  ± 

2.1 

100 

31  ± 

3.8 

31  ± 

5.6 

53  ± 

1.7 

33  ± 5.6 

21  ± 

2.3 

333 

45  ± 

2.8 

41  ± 

2.5 

66  ± 

4.7 

42  ± 0.6 

30  ± 

2.1 

1,000 

63  ± 

6.5 

71  ± 

4.5 

86  ± 

1.5 

81  ± 6.6 

50  ± 

5.3 

1,500 

(d)  30  ± 

2.1 

(d)  46  ± 

3.5 

— 

(d)83±  9.7 

(d)  51  ± 

3.1 

2,000 

-- 

- 

(d)  12  ± 

12.0 

- 

“ 

Trial  summary 

Positive 

Positive 

Equivocal 

Positive 

Positive 

Positive 

control  (d) 

382  ± 

4.9 

316  ± 

25.1 

169  ± 

16.3 

169  ± 17.2 

171  ± 

5.2 

/>-Chloroaniline  Hydrochloride,  NTP  TR  351 


72 


TABLE  27.  MUTAGENICITY  OF  p-CHLORO ANILINE  IN  SALMONELLA  TYPHIMURIUM  (Continued) 


Strain  Dose 

(pg/plate) 

Revertants/Plate  (b) 

Study  performed  at  Case  Western  Reserve  University 

— S9 

+ S9  (hamster) 

+ S9  (rat) 

TA100  0 

97  ± 6.8 

122  ± 

11.6 

121  ± 6.8 

10 

104  ± 8.0 

165  ± 

9.6 

125  ± 5.1 

33 

94  ± 5.0 

166  ± 

13.9 

143  ± 5.7 

100 

107  ± 6.4 

157  ± 

11.2 

146  ± 4.2 

333 

90  ± 4.7 

150  ± 

9.5 

143  ± 12.1 

1,000 

93  ± 4.5 

130  ± 

13.9 

135  ± 3.2 

3,333 

-- 

-- 

-- 

Trial  summary 

Negative 

Negative 

Negative 

Positive 

control  (c) 

459  ± 23.9 

1,818  ±296.3 

1,057  ±174.4 

TA1535  0 

6 ± 0.9 

6 ± 

3.0 

6 ± 2.1 

10 

— 

4 ± 

0.7 

2 ± 0.6 

33 

5 ± 1.9 

5 ± 

0.7 

4 ± 0.3 

100 

4 ± 1.2 

3 ± 

0.7 

2 ± 0.7 

333 

5 ± 2.3 

4 ± 

1.2 

7 ± 1.3 

1,000 

6 ± 1.5 

3 ± 

0.9 

7 ± 2.6 

3,333 

1 ± 1.3 

-- 

-- 

Trial  summary 

Negative 

Negative 

Negative 

Positive 

control  (c) 

212  ± 33.8 

30  ± 

3.7 

38  ± 2.1 

TA1537  0 

2 ± 1.2 

6 ± 

1.2 

6 ± 0.0 

10 

— 

6 ± 

0.6 

10  ± 2.0 

33 

3 ± 0.9 

7 ± 

0.7 

8 ± 0.9 

100 

2 ± 0.3 

6 ± 

0.7 

9 ± 0.9 

333 

3 ± 1.3 

3 ± 

1.9 

10  ± 1.5 

1,000 

2 ± 0.3 

4 ± 

1.7 

5 ± 1.5 

3,333 

Toxic 

.. 

Trial  summary 

Negative 

Negative 

Negative 

Positive 

control  (c) 

398  ± 32.0 

107  ± 

1.8 

109  ± 2.3 

TA98  0 

15  ± 2.3 

19  ± 

0.6 

22  ± 1.2 

10 

14  ±3.2 

25  ± 

2.9 

— 

33 

8 ± 1.2 

21  ± 

3.0 

23  ± 2.6 

100 

13  ± 1.2 

25  ± 

3.8 

25  ± 2.0 

333 

13  ± 2.4 

21  ± 

3.5 

30  ± 2.2 

1,000 

10  ± 1.7 

17  ± 

3.6 

24  ± 0.9 

3,333 

-- 

-- 

8 ± 5.8 

Trial  summary 

Negative 

Negative 

Negative 

Positive 

control  (c) 

278  ± 25.4 

984  ± 100.2 

626  ± 139.2 

(a)  The  detailed  protocol  is  presented  by  Mortelmans  et  al.  (1986).  Cells  and  study  compound  or  solvent  (dimethyl  sulfoxide) 
were  incubated  in  the  absence  of  exogenous  metabolic  activation  ( — S9)  or  with  Aroclor  1254-induced  S9  from  male  Syrian 
hamster  liver  or  male  Sprague  Dawley  rat  liver.  High  dose  was  limited  by  toxicity  or  solubility  but  did  not  exceed  10  mg/plate; 
0 pg/plate  dose  is  the  solvent  control. 

(b)  Revertants  are  presented  as  mean  ± standard  error  from  three  plates. 

(c)  Positive  control;  2-aminoanthracene  was  used  on  all  strains  in  the  presence  of  S9.  In  the  absence  of  metabolic  activation, 
4-nitro-o-phenylenediamine  was  used  with  TA98,  sodium  azide  was  used  with  TA100  and  TA1535,  and  9-aminoacridine  was 
used  with  TA97  and  TA1537. 

(d)  Slight  toxicity 
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TABLE  28.  MUTAGENICITY  OF  p-CHLORO ANILINE  IN  MOUSE  L5178Y  LYMPHOMA  CELLS  (a,b) 


Compound 


Concentration 

(pg/ml) 


Cloning 

Efficiency 

(percent) 


Relative  Tft-Resistant 

Total  Growth  Cells 

(percent) 


Mutant 
Fraction  (c) 


Study  performed  at  Inveresk  Research  International 
— S9 


Ethanol  (d) 

77.8  ± 

2.8 

99.8  ± 1.8 

180.5  ± 

15.7 

77.3  ± 

6.0 

p-Chloroaniline 

50 

54.0  ± 

6.7 

62.3  ± 4.3 

232.0  ± 

18.1 

(e)  145.0  ± 

7.8 

100 

67.0  ± 

3.5 

56.3  ± 1.7 

333.3  ± 

22.8 

(e)  166.3  ± 

11.0 

200 

65.7  ± 

5.6 

39.7  ± 3.8 

330.0  ± 

36.2 

(e)  170.3  ± 

24.8 

400 

58.3  ± 

0.9 

12.3  ± 1.2 

452.0  ± 

20.5 

(e)  260.0  ± 

11.7 

600 

Lethal 

-- 

-- 

-- 

Ethyl  methanesulfonate  (f) 

250 

74.0  ± 

0.0 

94.5  ± 5.5 

660.5  ± 

81.5 

(e)  296.5  ± 

36.5 

+ S9  (g) 

Trial  1 

Methanol  (d) 

83.0  ± 

8.4 

100.0  ± 1.9 

144.0  ± 

11.8 

58.3  ± 

1.7 

p-Chloroaniline  (f) 

25 

63.5  ± 

4.5 

62.5  ± 2.5 

594.0  ± 

5.0 

(e)314.0  ± 

25.0 

50 

70.0  ± 

15.0 

44.0  ± 8.0 

637.0  ± 

38.0 

(e)315.0  ± 

50.0 

100 

49.5  ± 

2.5 

14.5  ± 3.5 

926.5  ± 

23.5 

(e) 627.0  ± 

54.0 

200 

Lethal 

-- 

-- 

•* 

Methylcholanthrene  (f) 

2.5 

45.0  ± 

3.0 

20.0  ± 1.0 

884.5  ± 

41.5 

667.0  ± 

77.0 

Trial  2 

Methanol  (d) 

59.3  ± 

3.4 

100.0  ± 9.7 

139.5  ± 

6.6 

79.0  ± 

5.1 

p-Chloroaniline  (f) 

9.375 

52.0  ± 

7.0 

59.5  ± 4.5 

205.5  ± 

10.5 

(e)  132.5  ± 

11.5 

18.75 

44.0  ± 

3.0 

49.0  ± 2.0 

215.5  ± 

13.5 

(e)  165.5  ± 

21.5 

37.5 

50.0  ± 

11.0 

30.0  ± 4.0 

472.0  ± 

88.0 

(e)318.0  ± 

14.0 

75 

31.5  ± 

0.5 

7.5  ± 0.5 

402.5  ± 

67.5 

(e)  427.0  ± 

78.0 

150 

Lethal 

-- 

-- 

-- 

Methylcholanthrene  (f) 

2.5 

31.5  ± 

2.5 

25.5  ± 4.5 

413.0  ± 

11.0 

441.5  ± 

25.5 

Study  performed  at  Litton  Bionetics,  Inc. 

-S9 

Trial  1 

Dimethyl  sulfoxide  (d) 

83.0  ± 

9.0 

100.0  ± 9.0 

98.8  ± 

4.7 

40.8  ± 

4.4 

p-Chloroaniline 

(h)  31.3 

115 

117 

81 

24 

(f)  62.5 

82.5  ± 

2.5 

88.5  ± 2.5 

90.5  ± 

17.5 

36.0  ± 

6.0 

(h) 125 

78 

82 

87 

37 

(f)  250 

89.0  ± 

14.0 

62.0  ± 9.0 

134.0  ± 

7.0 

51.0  ± 

5.0 

(f  )375 

88.5  ± 

20.5 

19.0  ± 5.0 

199.0  ± 

3.0 

(e)  80.0  ± 

20.0 

(i)  500 

81 

12 

244 

100 

1,000 

Lethal 

-- 

-- 

-- 

Ethyl  methanesulfonate  (f) 

500 

49.5  ± 

2.5 

37.0  ± 0.0 

952.0  ± 

31.0 

(e)  645.0  ± 

13.0 

p-Chloroaniline  Hydrochloride,  NTP  TR  351 
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TABLE  28.  MUTAGENICITY  OF  p-CHLOROANILINE  IN  MOUSE  L5I78Y  LYMPHOMA  CELLS 

(Continued) 


Compound 


Cloning 

Concentration  Efficiency 

(pg/ml)  (percent) 


Relative  Tft-Resistant 

Total  Growth  Cells 

(percent) 


Mutant 
Fraction  (c) 


-S9  (Continued) 
Trial  2 


Dimethyl  sulfoxide  (d) 

86.3  ± 4.0 

100.0  ± 

5.7 

40.3  ± 

5.3 

15.8  ± 

2.1 

p-Chloroaniline 

(f)  200 

46.0  ± 8.0 

48.0  ± 

2.0 

26.5  ± 

6.5 

19.0  ± 

1.0 

300 

52.0  ± 5.5 

28.7  ± 

6.3 

37.0  ± 

7.4 

24.0  ± 

4.2 

400 

58.0  ± 10.4 

16.0  ± 

6.2 

39.0  ± 

5.3 

22.7  ± 

1.7 

450 

74.3  ± 10.2 

25.7  ± 

2.7 

60.0  ± 

11.5 

(e)  26.3  ± 

1.7 

500 

88.7  ± 6.6 

18.0  ± 

2.1 

67.0  ± 

5.0 

(e)  25.3  ± 

1.2 

550 

75.0  ± 10.5 

14.3  ± 

3.9 

61.3  ± 

10.5 

(e)  27.3  ± 

1.9 

Ethyl  methanesulfonate 

500 

34.0  ± 6.0 

26.3  ± 

1.2 

379.3  ± 

53.1 

(e)  378.3  ± 

21.5 

Trial  3 

Dimethyl  sulfoxide  (d) 

65.8  ± 1.3 

100.0  ± 

5.0 

30.3  ± 

3.3 

15.5  ± 

1.7 

p-Chloroaniline 

100 

48.0  ± 3.1 

49.7  ± 

2.2 

49.7  ± 

4.3 

(e)  34.7  ± 

1.8 

200 

43.7  ± 2.6 

32.3  ± 

3.4 

41.0  ± 

3.0 

(e)  31.7  ± 

1.2 

300 

29.7  ± 0.7 

10.7  ± 

1.3 

28.0  ± 

2.3 

(e)  31.7  ± 

2.7 

( j)  400 

(k) 500 
(k)550 

600 

35.5  ± 6.5 

50 

38 

Lethal 

5.0  ± 

6 

4 

0.0 

35.5  ± 

43 

30 

4.5 

(e)  35.0  ± 
29 
26 

10.0 

Ethyl  methanesulfonate  (f) 

500 

16.0  ± 3.0 

11.0  ± 

1.0 

500.5  ± 

34.5 

(e)  1,075.0  ±: 

L20.0 

S9(g) 
Trial  1 

Dimethyl  sulfoxide  (d) 

76.8  ± 4.5 

99.8  ± 

4.3 

84.5  ± 

7.7 

36.5  ± 

1.3 

p-Chloroaniline  (f) 

7.8 

65.0  ± 3.0 

67.0  ± 

2.0 

106.5  ± 

6.5 

55.0  ± 

6.0 

15.6 

74.0  ± 4.0 

55.5  ± 

7.5 

144.5  ± 

0.5 

(e)  65.5  ± 

3.5 

31.3 

67.0  ± 16.0 

43.0  ± 

8.0 

122.5  ± 

8.5 

(e)  63.5  ± 

10.5 

62.5 

74.0  ± 8.0 

30.5  ± 

2.5 

174.0  ± 

42.0 

(e)  77.0  ± 

11.0 

125 

61.5  ± 1.5 

21.0  ± 

0.0 

188.5  ± 

0.5 

(e)  102.5  ± 

3.5 

Methylcholanthrene  (f) 

5 

38.0  ± 1.0 

19.5  ± 

1.5 

396.5  ± 

24.5 

(e)  353.0  ± 

31.0 

Trial  2 

Dimethyl  sulfoxide  (d) 

80.5  ± 3.5 

100.0  ± 

4.5 

108.8  ± 

7.4 

45.0  ± 

1.2 

p-Chloroaniline  (f) 

31.3 

79.0  ± 6.0 

37.0  ± 

3.0 

122.0  ± 

18.0 

51.0  ± 

4.0 

62.5 

75.0  ± 3.0 

26.5  ± 

3.5 

151.0  ± 

21.0 

68.0  ± 

12.0 

83.4 

78.5  ± 8.5 

21.0  ± 

0.0 

151.5  ± 

11.5 

64.5  ± 

1.5 

125 

72.5  ± 6.5 

16.0  ± 

1.0 

190.0  ± 

16.0 

(e)  87.5  ± 

0.5 

166.7 

75.0  ± 8.0 

15.0  ± 

0.0 

152.5  ± 

33.5 

67.0  ± 

8.0 

Methylcholanthrene  (f) 

5 

48.0  ± 7.0 

26.5  ± 

2.5 

347.5  ± 

30.5 

(e)  244.0  ± 

16.0 
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TABLE  28.  MUTAGENICITY  OF  p-CHLOROANILJNE  IN  MOUSE  L5178Y  LYMPHOMA  CELLS 

(Continued) 


Cloning 

Relative 

Tft-Resistant 

Mutant 

Compound 

Concentration 

Efficiency 

Total  Growth 

Cells 

Fraction  (c) 

(pg/ml) 

(percent) 

(percent) 

+ S9  (g)  (Continued) 
Trial  3 


Dimethyl  sulfoxide  (d) 

87.8  ± 

6.4 

100.0 

± 

7.2 

57.0  ± 

5.8 

21.8  ± 

1.1 

p-Chloroaniline 

75 

83.0  ± 

1.5 

35.0 

± 

2.6 

95.7  ± 

3.2 

(e)38.7  ± 

2.2 

100 

74.7  ± 

4.9 

29.0 

± 

2.3 

90.7  ± 

11.2 

(e)  40.7  ± 

4.3 

125 

83.3  ± 

3.8 

29.0 

± 

1.2 

136.7  ± 

12.7 

(e)  54.7  ± 

2.7 

150 

88.3  ± 

1.7 

23.3 

± 

0.9 

132.7  ± 

4.9 

(e)  50.0  ± 

2.6 

166.7 

76.0  ± 

5.5 

15.3 

+ 

1.2 

114.7  ± 

10.8 

(e)  50.3  ± 

3.3 

200 

65.7  ± 

3.9 

17.0 

+ 

1.2 

118.7  ± 

9.9 

(e)60.7  ± 

4.8 

Methylcholanthrene 

5 

52.0  ± 

2.5 

39.7 

+ 

3.2 

291.3  ± 

23.8 

(e)  187.0  ± 

19.5 

(a)  The  experimental  protocol  is  presented  in  detail  by  Myhr  et  al.  (1985)  and  follows  the  basic  format  of  Clive  et  al.  (1979).  The 
highest  dose  of  study  compound  is  determined  by  solubility  or  toxicity  and  may  not  exceed  5 mg/ml.  All  doses  are  tested  in 
triplicate;  the  average  for  the  three  tests  is  presented  in  the  table.  Cells  (6  X 105/ml)  were  treated  for  4 hours  at  37°  C in  medi- 
um, washed,  resuspended  in  medium,  and  incubated  for  48  hours  at  37°  C.  After  expression,  3 X 106  cells  were  plated  in  medi- 
um and  soft  agar  supplemented  with  trifluorothymidine  (Tft)  for  selection  of  Tft-resistant  cells,  and  600  cells  were  plated  in 
nonselective  medium  and  soft  agar  to  determine  the  cloning  efficiency. 

(b)  Mean  ± standard  error  from  replicate  trials  of  approximately  1 X 106  cells  each.  All  data  are  evaluated  statistically  for 
both  trend  and  peak  response  (P<0.05  for  at  least  one  of  the  three  highest  dose  sets).  Both  responses  must  be  significantly 
(P<0.05)  positive  for  a chemical  to  be  considered  capable  of  inducing  Tft  resistance.  If  only  one  of  these  responses  is  significant, 
the  call  is  "equivocal”;  the  absence  of  both  trend  and  peak  response  results  in  a "negative”  call. 

(c)  Mutant  fraction  (frequency)  is  a ratio  of  the  Tft-resistant  cells  to  the  cloning  efficiency,  divided  by  3 (to  arrive  at  MF  per 
1 X 106  cells  treated);  MF  = mutant  fraction. 

(d)  Data  presented  are  the  average  of  four  tests. 

(e)  Significant  positive  response;  occurs  when  the  relative  mutant  fraction  (average  MF  of  treated  culture/average  MF  of  sol- 
vent control)  is  greater  than  or  equal  to  1 .6. 

(f ) Data  presented  are  the  average  of  two  tests. 

(g)  Tests  conducted  with  metabolic  activation  were  performed  as  described  in  (a)  except  that  S9,  prepared  from  the  liver  of 
Aroclor  1254-induced  F344  rats,  was  added  at  the  same  time  as  the  study  chemical  and/or  solvent . 

(h)  Data  presented  are  for  one  test. 

(i)  Data  presented  are  for  one  test.  The  dose  in  one  test  was  lethal. 

( j)  Data  presented  are  the  average  of  two  tests.  The  dose  in  one  test  was  lethal. 

(k)  Data  presented  are  for  one  test.  The  dose  in  two  tests  was  lethal. 
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TABLE  29.  INDUCTION  OF  SISTER  CHROMATID  EXCHANGES  IN  CHINESE  HAMSTER  OVARY 

CELLS  BY  p-CHLORO ANILINE  (a) 


Total 

No.  of 
Chromo- 

No. of 

SCEs/ 

Chromo- 

SCEs/ 

Relative 
Hours  SCEs/Cell 

Compound 

Dose 

(pg/ml) 

Cells 

somes 

SCEs 

some 

Cell 

in  BrdU  (percent) 

(b) 

Study  performed  at  Litton  Bionetics,  Inc. 
— S9  (c) 


Trial  1-Summary:  Positive 


Dimethyl  sulfoxide 

50 

1,048 

449 

0.43 

9.0 

25.5 

- 

p-Chloroaniline 

16.7 

50 

1,039 

589 

0.57 

11.8 

25.5 

131.1 

50 

50 

1,043 

586 

0.56 

11.7 

25.5 

130.0 

167 

50 

1,044 

773 

0.74 

15.5 

(d)33.5 

172.2 

500 

0 

Mitomycin  C 

0.001 

50 

1,050 

692 

0.66 

13.8 

25.5 

153.3 

0.01 

5 

105 

259 

2.47 

51.8 

25.5 

575.6 

Trial  2-Summary:  Positive 

Dimethyl  sulfoxide 

50 

1,046 

497 

0.48 

9.9 

25.8 

- 

p-Chloroaniline 

150 

50 

1,050 

769 

0.73 

15.4 

(d)  35.3 

155.6 

175 

50 

1,043 

736 

0.71 

14.7 

(d)  35.3 

148.5 

200 

50 

1,047 

843 

0.81 

16.9 

(d)  35.3 

170.7 

Mitomycin  C 

0.001 

50 

1,049 

695 

0.66 

13.9 

25.8 

140.4 

0.01 

5 

105 

302 

2.88 

60.4 

25.8 

610.1 

+ S9  (e)  Summary:  Positive 

Dimethyl  sulfoxide 

50 

1,048 

478 

0.46 

9.6 

25.8 

- 

p-Chloroaniline 

900 

50 

1,043 

656 

0.63 

13.1 

25.8 

136.5 

1,000 

50 

1,036 

823 

0.79 

16.5 

(d)  35.3 

171.9 

1,100 

50 

1,043 

794 

0.76 

15.9 

(d)35.3 

165.6 

1,200 

0 

Cyclophosphamide 

0.35 

50 

1,046 

725 

0.69 

14.5 

25.8 

151.0 

2 

5 

104 

210 

2.02 

42.0 

25.8 

437.5 

Study  performed  at  Environmental  Health  Research  & Testing,  Inc. 

-S9  (c) 

Trial  1-Summary:  Equivocal 

Dimethyl  sulfoxide 

50 

1,046 

432 

0.41 

8.6 

26.0 

-- 

p-Chloroaniline 

0.5 

50 

1,041 

437 

0.42 

8.7 

26.0 

101.2 

1.6 

50 

1,041 

406 

0.39 

8.1 

26.0 

94.2 

5 

50 

1,037 

405 

0.39 

8.1 

26.0 

94.2 

16 

50 

1,035 

495 

0.48 

9.9 

26.0 

115.1 

50 

50 

1,046 

443 

0.42 

8.9 

26.0 

103.5 

160 

50 

1,041 

524 

0.50 

10.5 

26.0 

122.1 

500 

0 

26.0 

Mitomycin  C 

0.005 

50 

1,047 

1,399 

1.34 

28.0 

26.0 

325.6 

0.01 

50 

1,033 

1,964 

1.90 

39.3 

26.0 

457.0 
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TABLE  29.  INDUCTION  OF  SISTER  CHROMATID  EXCHANGES  IN  CHINESE  HAMSTER  OVARY 

CELLS  BY  p-CH  LORO  ANILINE  (Continued) 


Total 

No.  of 
Chromo- 

No. of 

SCEs/ 

Chromo- 

SCEs/ 

Relative 
Hours  SCEs/Cell 

Compound 

Dose 

(pg/ml) 

Cells 

somes 

SCEs 

some 

Cell 

in  BrdU  (percent) 

(b) 

— S9  (Continued) 


Trial  2 -Summary:  Weakly  positive 


Dimethyl  sulfoxide 

50 

1,042 

431 

0.41 

8.6 

28.0 

-• 

p-Chloroaniline 

50 

50 

1,043 

453 

0.43 

9.1 

28.0 

105.8 

100 

50 

1,050 

521 

0.50 

10.4 

28.0 

120.9 

200 

50 

1,042 

550 

0.53 

11.0 

28.0 

127.9 

300 

0 

400 

0 

500 

0 

Mitomycin  C 

0.005 

50 

1,034 

1,246 

1.21 

24.9 

28.0 

289.5 

0.01 

50 

1,040 

1,912 

1.84 

38.2 

28.0 

444.2 

Trial  3-Summary:  Positive 

Dimethyl  sulfoxide 

50 

1,042 

431 

0.41 

8.6 

28.0 

- 

p-Chloroaniline 

50 

50 

1,025 

504 

0.49 

10.1 

(d)  37.0 

117.4 

100 

50 

1,036 

503 

0.49 

10.1 

(d)  37.0 

117.4 

200 

50 

1,029 

582 

0.57 

11.6 

(d)37.0 

134.9 

300 

50 

1,029 

604 

0.59 

12.1 

(d)37.0 

140.7 

400 

0 

500 

0 

Mitomycin  C 

0.005 

50 

1,034 

1,246 

1.21 

24.9 

28.0 

289.5 

0.01 

50 

1,040 

1,912 

1.84 

38.2 

28.0 

444.2 

+ S9  (e) 

Trial  1-Summary:  Negative 

Dimethyl  sulfoxide 

50 

1,047 

410 

0.39 

8.2 

26.0 

- 

p-Chloroaniline 

1.6 

50 

1,047 

467 

0.45 

9.3 

26.0 

113.4 

5 

50 

1,043 

447 

0.43 

8.9 

26.0 

108.5 

16 

50 

1,046 

453 

0.43 

9.1 

26.0 

111.0 

50 

50 

1,045 

479 

0.46 

9.6 

26.0 

117.1 

160 

50 

1,045 

469 

0.45 

9.4 

26.0 

114.6 

500 

50 

1,043 

472 

0.45 

9.4 

26.0 

114.6 

1,600 

0 

26.0 

Cyclophosphamide 

1.5 

50 

1,044 

1,593 

1.53 

31.9 

26.0 

389.0 

Trial  2-Summary:  Equivocal 

Dimethyl  sulfoxide 

50 

1,034 

434 

0.42 

8.7 

26.0 

-\- 

p-Chloroaniline 

100 

50 

1,033 

492 

0.48 

9.8 

26.0 

112.6 

200 

50 

1,029 

521 

0.51 

10.4 

26.0 

119.5 

300 

50 

1,038 

476 

0.46 

9.5 

26.0 

109.2 

400 

50 

1,033 

465 

0.45 

9.3 

26.0 

106.9 

500 

50 

1,031 

482 

0.47 

9.6 

26.0 

110.3 

600 

50 

1,036 

480 

0.46 

9.6 

26.0 

110.3 

Cyclophosphamide 

1.5 

50 

1,035 

1,918 

1.85 

38.4 

26.0 

441.4 

2 

50 

1,038 

2,959 

2.85 

59.2 

26.0 

680.5 
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TABLE  29.  INDUCTION  OF  SISTER  CHROMATID  EXCHANGES  IN  CHINESE  HAMSTER  OVARY 

CELLS  BY  p-CHLORO ANILINE  (Continued) 


(a)  SCE  = sister  chromatid  exchange;  BrdU  = bromodeoxyuridine.  A detailed  description  of  the  SCE  protocol  is  presented  by 
Galloway  et  al.  (1985).  Briefly,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  (dimethyl  sul- 
foxide) as  described  in  (c)  or  (e)  below  and  cultured  for  sufficient  time  to  reach  second  metaphase  division.  Cells  were  then  col- 
lected by  mitotic  shake-off,  fixed,  air-dried,  and  stained. 

(b)  SCEs/cell  in  treated  culture  expressed  as  a percent  of  the  SCEs/cell  in  the  control  culture 

(c)  In  the  absence  of  S9,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  for  2 hours  at  37°  C.  Then 
BrdU  was  added,  and  incubation  was  continued  for  24  hours.  Cells  were  washed,  fresh  medium  containing  BrdU  and  colcemid 
was  added,  and  incubation  was  continued  for  2-3  hours. 

(d)  Because  some  chemicals  induce  a delay  in  the  cell  division  cycle,  harvest  times  are  occasionally  extended  to  maximize  the 
proportion  of  second  division  cells  available  for  analysis. 

(e)  In  the  presence  of  S9,  cells  were  incubated  with  study  compound  or  solvent  for  2 hours  at  37°  C.  Then  cells  were  washed,  and 
medium  containing  BrdU  was  added.  Cells  were  incubated  for  a further  26  hours,  with  colcemid  present  for  the  final  2-3  hours. 
S9  was  from  the  liver  of  Aroclor  1254-induced  male  Sprague  Dawley  rats. 
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TABLE  30.  INDUCTION  OF  CHROMOSOMAL  ABERRATIONS  IN  CHINESE  HAMSTER  OVARY  CELLS 

BY  p-CHLORO ANILINE  (a) 


- S9  (b) +S9  (c) 

Oose  Total  No.  of  Abs/  Percent  Do9e  Total  No.  of  Abs/  Percent 

(pg/ml)  Cells  Abs  Cell  Cells  (pg/ml)  Cells  Abs  Cell  CelU 

with  Ab9  with  Abs 


Study  performed  at  Litton  Bionetics,  Inc.  (d) 


Dimethyl  sulfoxide 


Dimethyl  sulfoxide 


100 

4 

0.04 

3.0 

100 

4 

0.04 

4.0 

p-Chloroaniline 

p-Chloroaniline 

400 

100 

19 

0.19 

10.0 

800 

100 

5 

0.05 

5.0 

450 

100 

8 

0.08 

7.0 

900 

100 

27 

0.27 

21.0 

500 

100 

2 

0.02 

2.0 

1,000 

50 

35 

0.70 

38.0 

600 

0 

Summary:  Negative 

Summary:  Positive 

Mitomycin  C 

Cyclophosphamide 

0.062 

50 

52 

1.04 

58.0 

10 

50 

19 

0.38 

24.0 

Study  performed  at  Environmental  Health  Research  & Testing,  Inc. 
Trial  1 (e) 


Dimethyl  sulfoxide 

Dimethyl  sulfoxide 

100 

0 

0.00 

0.0 

100 

0 

0.00 

0.0 

p-Chloroaniline 

p-Chloroaniline 

30 

100 

0 

0.00 

0.0 

1.6 

100 

0 

0.00 

0.0 

100 

100 

0 

0.00 

0.0 

5 

100 

0 

0.00 

0.0 

160 

100 

1 

0.01 

1.0 

16 

100 

0 

0.00 

0.0 

300 

100 

0 

0.00 

0.0 

50 

100 

0 

0.00 

0.0 

400 

100 

0 

0.00 

0.0 

160 

100 

0 

0.00 

0.0 

500 

100 

3 

0.03 

3.0 

500 

100 

0 

0.00 

0.0 

600 

0 

800 

0 

Summary: 

Negative 

Summary:  Negative 

Mitomycin  C 

Cyclophosphamide 

0.25 

100 

26 

0.26 

24.0 

50 

100 

125 

1.25 

59.0 

0.5 

100 

42 

0.42 

33.0 

Trial  2 (f) 


Dimethyl  sulfoxide 


Dimethyl  sulfoxide 


100 

0 

0.00 

0.0 

100 

0 

0.00 

0.0 

p-Chloroaniline 

p-Chloroaniline 

100 

100 

0 

0.00 

0.0 

100 

100 

0 

0.00 

0.0 

200 

100 

0 

0.00 

0.0 

200 

100 

0 

0.00 

0.0 

300 

100 

2 

0.02 

2.0 

300 

100 

0 

0.00 

0.0 

400 

100 

0 

0.00 

0.0 

400 

100 

0 

0.00 

0.0 

500 

100 

4 

0.04 

4.0 

500 

100 

0 

0.00 

0.0 

550 

100 

6 

0.06 

6.0 

550 

100 

3 

0.03 

3.0 

600 

100 

0 

0.00 

0.0 

Summary:  Weakly  positive 

Summary:  Negative 

Mitomycin  C 

Cyclophosphamide 

0.5 

100 

58 

0.58 

39.0 

50 

100 

115 

1.15 

61.0 
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TABLE  30.  INDUCTION  OF  CHROMOSOMAL  ABERRATIONS  IN  CHINESE  HAMSTER  OVARY  CELLS 

BY  p-CHLORO ANILINE  (Continued) 


(a)  Abs  = aberrations.  A detailed  presentation  of  the  technique  for  detecting  chromosomal  aberrations  is  presented  by 
Galloway  et  al.  (1985).  Briefly,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  (dimethyl  sul- 
foxide) as  indicated  in  (b)  or  (c).  Cells  were  arrested  in  first  metaphase  by  addition  of  colcemid  and  harvested  by  mitotic  shake- 
off,  fixed,  and  stained  in  6%  Giemsa. 

(b)  In  the  absence  of  S9,  Chinese  hamster  ovary  cells  were  incubated  with  study  compound  or  solvent  (dimethyl  sulfoxide)  for  8- 
10  hours  at  37°  C.  Cells  were  then  washed,  and  fresh  medium  containing  colcemid  was  added  for  an  additional  2-3  hours  fol- 
lowed by  harvest. 

(c)  In  the  presence  of  S9,  cells  were  incubated  with  study  compound  or  solvent  (dimethyl  sulfoxide)  for  2 hours  at  37°  C.  Cells 
were  then  washed,  medium  was  added,  and  incubation  was  continued  for  8-10  hours.  Colcemid  was  added  for  the  last  2-3  hours 
of  incubation  before  harvest.  S9  was  from  the  liver  of  Aroclor  1 254-induced  male  Sprague  Dawley  rats. 

(d)  Harvest  time,  23.0  hours;  because  of  significant  chemically  induced  cell  cycle  delay,  incubation  time  before  addition  of  col- 
cemid was  lengthened  to  provide  sufficient  metaphases  at  harvest. 

(e)  Harvest  time,  12.0  hours 

(f)  Harvest  time,  13.0  hours 
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IV.  DISCUSSION  AND  CONCLUSIONS 


Toxicity 

Carcinogenicity 

Possible  Mechanisms  of  Splenic  Toxicity  and  Carcinogenicity 
Audit 

Conclusions 
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IV.  DISCUSSION  AND  CONCLUSIONS 


Toxicity 

The  current  p-chloroaniline  hydrochloride  13- 
week  studies  in  rats  and  mice  revealed  that  the 
hematopoietic  system  was  the  major  target  of  p- 
chloroaniline  hydrochloride  toxicity.  Methemo- 
globin  formation  and  the  accompanying  hemo- 
lytic anemia,  extramedullary  hematopoiesis, 
and  splenomegaly  were  indicative  of  erythrocyte 
toxicity  induced  by  p-chloroaniline  hydrochlo- 
ride. In  the  2-year  studies,  results  of  hemato- 
logic analyses  in  rats  and  the  occurrence  of  non- 
neoplastic lesions  in  the  spleen  and  liver  in  both 
rats  and  mice  and  the  kidney  in  mice  showed 
that  the  hematopoietic  system  was  also  affected 
by  long-term  administration  of  p-chloroaniline 
hydrochloride.  Erythrocyte  toxicity  as  ex- 
pressed by  methemoglobin  formation  is  the  dom- 
inant toxic  effect  seen  in  laboratory  animals  and 
humans  exposed  to  a number  of  amino  and  nitro 
aromatic  compounds  (Beard  and  Noe,  1981; 
Beutler,  1985).  Methemoglobin  formation  in 
eythrocytes  results  from  the  change  of  heme  iron 
from  the  ferrous  to  ferric  state.  The  brown  pig- 
ment formed  is  called  methemoglobin,  a deriva- 
tive of  hemoglobin  that  is  physiologically  inac- 
tive. Acute  methemoglobinemia  may  be  life 
threatening  when  the  level  of  methemoglobin 
exceeds  half  of  the  total  circulating  hemoglobin 
(Beutler,  1972). 

Short-term  exposure  of  humans  to  p-chloroani- 
line produces  cyanosis,  a manifestation  of  met- 
hemoglobin formation.  Long-term  exposure 
may  result  in  reversible  anemia  (Linch,  1974). 
The  methemoglobin  can  be  reduced  to  hemoglo- 
bin in  mammalian  species  by  a NADH-depen- 
dent  methemoglobin  reductase  located  in  the 
erythrocytes.  A tenfold  difference  exists  in  the 
activity  of  this  enzyme  among  various  species. 
Enzymic  activity  in  rat  and  mouse  erythrocytes 
is  5 and  10  times  higher,  respectively,  than  that 
in  human  erythrocytes  (Smith,  1986),  suggest- 
ing that  humans  are  more  susceptible  to  this 
particular  toxic  effect  of  aniline  and  its  homo- 
logs. The  formation  of  methemoglobin  by 
aromatic  nitro  and  amino  compounds,  mecha- 
nism^) of  formation,  and  toxicologic  implica- 
tions have  been  reviewed  extensively  (Kiese, 
1966;  Beard  and  Noe,  1981).  There  is  convincing 
evidence  that  an  N-hydroxy  metabolite  is  the 
reactive  species  responsible  for  this  toxic  effect 


(Selkirk,  1980;  Weisburger,  1983).  The  p-chloro- 
aniline hydrochloride-induced  erythrocyte  toxic- 
ity seen  in  the  current  studies  also  could  be  due 
to  an  N-hydroxy  derivative,  since  p-chloroani- 
line was  shown  to  be  metabolized  to  its  N- 
hydroxy  derivative  by  the  hepatic  microsomal 
mono-oxygenase  system  of  guinea  pigs,  rabbits, 
hamsters,  mice,  and  rats  (Smith  and  Gorrod, 
1978;  Uehleke  and  Hellmer,  1971).  According  to 
Bus  and  Popp  (1987),  the  N-oxidation  pathway 
of  aniline,  an  analog  of  p-chloroaniline,  is  incon- 
sequential for  rat  liver,  as  liver  rapidly  reduces 
N-oxidized  metabolites  back  to  the  parent  com- 
pound. On  the  contrary,  the  small  amount  of 
iV-phenylhydroxylamine  taken  up  by  the  eryth- 
rocytes is  rapidly  oxidized  by  oxyhemoglobin  to 
nitrosobenzene,  with  concurrent  formation  of 
methemoglobin.  The  metabolism  and  pattern  of 
erythrocyte  toxicity  of  p-chloroaniline  hydro- 
chloride suggest  that  the  mechanisms  of  methe- 
moglobin formation  by  aniline  and  its  analog  p- 
chloroaniline  have  common  characteristics. 

In  the  13-week  studies,  a dose-related  increase 
in  splenic  weights  was  observed  for  both  rats  and 
mice.  A similar  enlargement  in  the  spleen  was 
seen  in  rats  dosed  with  aniline  (Gralla  et  al. 
1979).  Bus  (1983)  suggested  that  splenic  weight 
increases  in  aniline-dosed  rats  were  due  to  ex- 
cessive deposition  of  damaged  erythrocytes  as  a 
result  of  aniline  toxicity  and  thus  that  spleno- 
megaly is  a secondary  effect  of  erythrocyte  tox- 
icity. Results  of  the  current  studies  support  this 
contention,  as  rats  and  mice  in  the  13- week  p- 
chloroaniline  hydrochloride  studies  did  not  show 
any  degenerative  changes  in  the  spleen.  The  in- 
creases in  spleen  weight  were  probably  a result 
of  increased  vascular  engorgement  in  response 
to  methemoglobinemia. 

Carcinogenicity 

Recent  carbon-13  nuclear  magnetic  resonance 
studies  on  relationships  between  chemical  struc- 
ture and  carcinogenicity  of  chlorinated  mono- 
cyclic  aromatic  compounds  predicted  that  p-chlo- 
roaniline would  be  carcinogenic  (Sakamoto  and 
Watanabe,  1986).  The  results  of  previous  2-year 
studies  on  p-chloroaniline  were  strongly  sug- 
gestive of  carcinogenicity  because  several  rare 
fibromas  and  sarcomas  of  the  spleen  were  found 
in  exposed  male  rats  (NCI,  1979c).  The  results 
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IV.  DISCUSSION  AND  CONCLUSIONS 


from  those  studies  have  been  substantiated  by 
results  from  the  current  studies,  which  show 
that  p-chloroaniline  hydrochloride  is  carcino- 
genic for  male  rats,  based  on  the  increased  inci- 
dence of  splenic  sarcomas  in  high  dose  male  rats 
(see  Table  15).  The  possibility  exists  that  in  the 
first  set  of  studies  p-chloroaniline  was  adminis- 
tered to  animals  at  less  than  target  concentra- 
tions due  to  the  instability  of  the  chemical  in 
feed.  The  target  concentrations  in  feed  for  that 
study  were  approximately  equivalent  to  15  and 
30  mg/kg  body  weight  of  rats,  compared  with  2, 
6,  and  18  mg/kg  in  the  current  gavage  studies. 
The  different  modes  of  oral  administration  (sin- 
gle dose  per  day  by  gavage  and  continuous 
dosing  by  feed)  could  possibly  have  resulted  in 
differences  in  pharmacokinetics  and  might  have 
been  responsible  for  quantitative  differences 
seen  between  the  results  of  these  two  studies. 
The  dose  response  for  splenic  tumors  in  male 
rats  in  the  current  studies  was  nonlinear  with 
increases  in  dose;  although  the  high  dose  was  3 
times  the  mid  dose,  the  incidence  of  sarcomas  in 
the  high  dose  group  was  12  times  that  in  the  mid 
dose  group.  The  doses  used  in  these  studies  ap- 
parently did  not  saturate  the  metabolic  and  ex- 
cretory pathways,  as  evidenced  by  disposition 
studies  on  p-chloroaniline  and  p-chloroaniline 
hydrochloride  conducted  by  the  NTP  (Appen- 
dix H). 

Other  structurally  related  aniline  compounds 
seem  to  exhibit  nonlinear  responses  for  the  oc- 
currence of  splenic  tumors  in  male  rats  (Ta- 
ble 31).  The  carcinogenesis  study  conducted  by 
the  Chemical  Industry  Institute  of  Toxicology 
(CUT)  on  aniline  hydrochloride  administered  to 
male  rats  at  0,  10,  30,  or  100  mg/kg  body  weight 
(0,  200,  600,  or  2,000  ppm)  in  feed  also  showed  a 
similar  type  of  nonlinearity  in  tumor  response 
(Bus  and  Popp,  1987).  In  that  study,  an  appar- 
ent no-observable-effect  level  of  10  mg/kg  ani- 
line was  found,  whereas  in  the  current  studies 
with  p-chloroaniline  hydrochloride,  no  apparent 
no-observable-effect  level  for  splenic  tumors  in 
male  rats  was  reached.  The  female  rats  were 
less  sensitive  than  the  males  to  p-chloroaniline 
hydrochloride  induction  of  splenic  neoplasms, 
since  neoplasms  were  seen  in  only  one  mid  dose 
and  one  high  dose  female  rat  in  the  NTP  studies. 
Table  31  shows  that  similar  sex  differences  in 
the  incidences  of  splenic  tumors  were  seen  with 


other  aniline  compounds,  except  for  azobenzene 
and  o-toluidine  hydrochloride  studies  in  which 
female  rats  were  equally  sensitive.  In  the 
current  studies,  the  incidences  of  splenic  fibrosis 
in  high  dose  male  and  female  rats  were  41/50 
and  42/50,  respectively.  Fibrosis  of  the  spleen  is 
a potential  preneoplastic  lesion  that  may  pro- 
gress to  fibrosarcomas  (Goodman  et  al.,  1984). 

The  incidence  of  adrenal  gland  pheochromocyto- 
mas  in  male  rats  occurred  with  a positive  trend 
(see  Table  16).  Medullary  hyperplasia  was  ob- 
served at  an  increased  incidence  in  high  dose  fe- 
male rats;  pheochromocytomas  were  seen  in  2/50 
vehicle  control  and  10/150  dosed  females.  Exam- 
ination of  Table  31  shows  that  aniline  hydro- 
chloride was  the  only  structurally  related  chem- 
ical studied  by  the  NCI/NTP  that  clearly  caused 
an  increase  in  the  incidences  of  these  neoplasms 
in  dosed  male  rats  and,  to  a lesser  extent,  in  fe- 
males. The  incidences  of  adrenal  gland  tumors 
in  the  current  studies  may  have  been  related  to 
p-chloroaniline  administration. 

For  mice,  the  body  weights  and  survival  in  the 
current  2-year  studies  were  in  general  not  af- 
fected by  the  administration  of  p-chloroaniline 
hydrochloride.  No  splenic  fibrosarcomas  or  os- 
teosarcomas were  observed  in  mice  of  either  sex. 
The  species  differences  between  rats  and  mice  in 
aromatic  amine-induced  neoplasms  were  re- 
viewed by  Weisburger  (1983).  None  of  the  aro- 
matic amines  studied  for  carcinogenic  potential 
by  the  NCI/NTP  caused  increased  incidences  of 
splenic  tumors  in  mice.  However,  induction  of 
liver  tumors  by  those  chemicals  was  frequently 
observed  in  mice.  The  tumor  incidences  in  mice 
administered  p-chloroaniline  hydrochloride  in 
the  current  studies  followed  the  pattern  reported 
by  Weisburger  (1983),  with  the  incidences  of 
hepatocellular  carcinomas  being  increased  in 
dosed  male  mice.  Even  though  the  incidence  of 
hepatocellular  carcinomas  in  vehicle  controls  is 
much  lower  than  that  in  historical  water  gavage 
controls  (6%  versus  16%),  the  strong  dose- 
response  relationship  and  the  metastasis  to  the 
lung  of  the  carcinomas  are  additional  evidence 
for  a chemically  related  effect.  Also,  there  was  a 
marginal  increase  in  the  incidence  of  hemangio- 
sarcomas  in  the  liver  in  high  dose  male  mice. 
The  significance  of  the  increased  incidences  of 
neoplasms  in  dosed  male  mice  was  further 
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TABLE  31.  INCIDENCES  OF  SPLEEN  AND  ADRENAL  GLAND  NEOPLASMS  IN  RATS  INDUCED  BY 
ANILINE  HYDROCHLORIDE  AND  STRUCTURALLY  RELATED  CHEMICALS  STUDIED  BY  THE  NCI/NTP 


Structure/Chemical 
CAS  Number 
(Reference) 

Concentration 
in  Feed 
(ppm) 

Spleen 

Adrenal  Gland 

Sarcomas  (a) 
Male  Female 

Hemangiosarcomas 
or  Angiosarcomas 
Male  Female 

Pheochromocytomas 
Male  Female 

nh2.hci 

0 

0/25 

0/23 

0/25 

0/23 

2/24 

1/24 

3,000 

7/50 

0/50 

19/50 

1/50 

6/50 

0/50 

JL  Aniline  hydrochloride 

6,000 

9/46 

3/50 

20/46 

3/50 

12/44 

5/48 

CAS  No.  142-04-1 

(NCI  TR  130, 1978a) 

Azobenzene 

0 

0/20 

0/20 

0/20 

0/20 

1/20 

0/20 

CAS  No.  103-33-3 

200 

4/49 

3/50 

1/49 

1/50 

1/49 

0/50 

(NCI  TR  154, 1979a) 

400 

10/49 

12/50 

4/49 

4/50 

1/50 

1/50 

0—0 

NH2  p-Chloroaniline 

0 

0/20 

(b)- 

0/20 

0/20 

3/19 

.. 

CAS  No.  106-47-8 

250 

0/49 

- 

0/49 

0/48 

4/46 

- 

(NCI  TR  189, 1979c) 

500 

3/49 

- 

1/49 

1/50 

3/49 

- 

1)  Current  studies  on 

0 mg/kg 

0/49 

0/50 

0/50 

.. 

13/49 

2/50 

p-chloroaniline 

2 mg/kg 

1/50 

0/50 

0/50 

- 

14/48 

3/50 

hydrochloride  (c) 

6 mg/kg 

3/50 

1/50 

0/50 

- 

15/48 

1/50 

Cl 

18  mg/kg  36/50 

1/50 

4/50 

" 

26/49 

6/50 

D & C Red  No.  9 

0 

0/50 

17/48 

3/48 

CAS  No.  5160-02-1 

1,000 

0/50 

- 

— 

- 

14/50 

4/49 

(NTP  TR  225, 1982a) 

3,000 

26/48 

-- 

-- 

-- 

14/48 

5/50 

ch3  oh 

v_ , 

cl^yN=N^A 

Ba 

S°3H  /) 

2 

Dapsone 

0 

0/14 

- 

— 

- 

- 

- 

CAS  No.  80-08-0 

600 

0/34 

- 

- 

- 

— 

- 

(NCI  TR  20, 1977a) 

1,200 

6/32 

h2n— ^ so2 

-nh2 

. | lj  L,-.  o-Toluidine 

0 

0/20 

0/20 

0/20 

0/20 

0/20 

0/20 

NH2«HCI  hydrochloride 

3,000 

1/49 

2/49 

7/49 

7/49 

3/50 

4/49 

Cu  CAS  No.  142-04-1 

6,000 

4/42 

4/49 

0/42 

9/49 

2/49 

2/49 

3 (NCI  TR  153, 1979b) 

u 

(a)  Includes  fibrosarcomas,  osteosarcomas,  and  sarcomas,  NOS 

(b)  — denotes  no  tumors  reported 

(c)  Gavage  studies  in  water 
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supported  by  the  apparent  reduction  in  the 
latency  period  for  liver  neoplasms.  The  first  day 
of  observation  of  these  neoplasms  in  vehicle  con- 
trols was  728;  in  dosed  groups,  it  ranged  from 
day  432  to  day  490.  Table  32  gives  the  incidence 
of  hepatocellular  neoplasms  in  mice  dosed  with 
those  aniline  compounds  shown  to  also  cause 
splenic  neoplasms  in  male  rats.  Administration 
of  all  the  aniline  compounds  listed  seemed  to  re- 
sult in  some  increase  in  the  incidences  of  hepato- 
cellular neoplasms  in  male  or  female  mice. 

In  the  current  studies,  p-chloroaniline  hydro- 
chloride was  carcinogenic  for  rats  and  mice,  but 
the  sites  of  compound-related  neoplasia  were  dif- 
ferent. The  species  differences  between  rats  and 
mice  with  regard  to  splenic  and  liver  neoplasms 
could  be  due  to  differences  in  metabolism  and 
disposition  of  p-chloroaniline.  Perry  et  al. 
(1981a)  studied  the  disposition  of  14C-labeled  p- 
chloroaniline  or  p-chloroaniline  hydrochloride  in 
F344  rats,  mongrel  dogs,  and  A/J  and  Swiss 
Webster  mice.  They  showed  that  the  initial  de- 
cay constants  for  p-chloroaniline  clearance  from 
whole  blood  in  both  strains  of  mice  were  10  times 
greater  than  those  in  dogs  and  rats.  The  p-chlo- 
roaniline clearance  in  mice  was  too  rapid  to  per- 
mit calculation  of  kinetic  parameters. 

The  differences  in  the  metabolism  and  disposi- 
tion of  aniline  have  also  been  suggested  as  the 
reason  for  differences  in  the  carcinogenicity  of 
aniline  in  rats  and  mice.  The  larger  concentra- 
tions of  the  putative  reactive  metabolite  N-phe- 
nylhydroxylamine  in  rats  were  considered  to  be 
responsible  for  the  production  of  splenic  tumors 
in  rats  (McCarthy  et  al.,  1985).  If  excessive  met- 
hemoglobin  formation  in  dosed  animals  and  the 
subsequent  progression  to  splenic  sarcomas  con- 
stitute one  of  the  mechanisms  of  action  of  aniline 
compounds,  then  methemoglobin  reductase  ac- 
tivity or  diaphorase  activity,  which  is  two  times 
greater  in  mice  than  in  rats,  may  be  another  rea- 
son for  a species  difference. 

Decreases  were  seen  in  the  incidences  of  certain 
neoplasms  in  p-chloroaniline  hydrochloride- 
dosed  animals  and  were  considered  related  to 
chemical  administration.  The  incidences  of 
mononuclear  cell  leukemia  in  rats  and  malig- 
nant lymphomas  in  mice  were  decreased  in 


dosed  animals  of  each  sex.  Such  decreases  were 
not  seen  in  animals  exposed  to  other  aniline 
compounds  listed  in  Table  31. 

Possible  Mechanisms  of  Splenic  Toxicity 
and  Carcinogenicity 

The  unusual  and  rare  tumors  of  the  spleen  in- 
duced in  F344  rats  by  a number  of  structurally 
related  aniline  compounds  led  some  workers  to 
study  the  pathogenesis  of  splenic  lesions  and  to 
perform  disposition  studies  of  14C-labeled  ani- 
line to  explain  the  possible  mechanism(s)  of  ac- 
tion of  these  chemicals.  Goodman  et  al.  (1984) 
studied  splenic  lesions  from  male  rats  in  the 
NCI/NTP  studies  listed  in  Table  31  and  proposed 
that  fibrosis  of  the  splenic  parenchyma  was  a po- 
tential preneoplastic  lesion.  They  postulated 
that  methemoglobin  bound  with  aniline  com- 
pounds or  their  reactive  metabolites  is  broken 
down  in  the  red  pulp  of  the  spleen  and  reactive 
metabolites  are  released  which  bind  to  splenic 
mesenchymal  tissues,  resulting  in  fibrosis  that 
progresses  to  formation  of  splenic  tumors.  Wein- 
berger et  al.  (1985)  proposed  a similar  hypothe- 
sis with  their  detailed  analysis  of  splenic  tumors 
in  NCI/NTP  studies  on  D & C Red  No.  9 (NTP, 
1982a)  and  aniline  hydrochloride  (NCI,  1978a). 
Bus  and  Popp  (1987)  reviewed  splenic  tumors 
caused  by  administration  of  the  chemicals  listed 
in  Table  31,  CIIT-sponsored  aniline  carcinogene- 
sis studies  in  rats,  and  their  own  disposition 
studies  on  14C-labeled  aniline  in  rats  and  mice. 
They  proposed  several  possible  mechanisms  for 
splenic-directed  toxicity  of  aniline  compounds. 
The  scheme  proposed  for  these  possible  mecha- 
nisms is  reproduced  in  Figure  13.  According  to 
this  scheme,  the  occurrence  of  splenic  tumors  in 
rats  may  be  the  result  of  erythrocyte  toxicity. 
The  authors  suggest  that  there  is  strong  evi- 
dence for  the  nongenetic  mechanism  in  the  for- 
mation of  splenic  tumors.  However,  there  is  a 
possibility  that  a direct-acting  genotoxic  mecha- 
nism is  involved  in  the  induction  of  the  neo- 
plasms, as  shown  by  McCarthy  et  al.  (1985),  who 
found  that  in  rats  and  mice,  [14C]aniline  binds  to 
a greater  extent  to  the  kidney,  small  intestine, 
large  intestine,  and  spleen  than  to  other  tissues. 
Protein  and  RNA  were  major  macromolecular 
targets  for  [l4C]aniline  binding;  DNA  binding 
occurred  to  a lesser  extent.  The  possibility  for 
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TABLE  32.  INCIDENCES  OF  LIVER  NEOPLASMS  IN  MICE  INDUCED  BY  ANILINE  HYDROCHLORIDE 
AND  STRUCTURALLY  RELATED  CHEMICALS  STUDIED  BY  THE  NCI/NTP 


Structure/Chemical 
CAS  Number 
(Reference) 


Concentration 
in  Feed 
(ppm) 


Hepatocellular 
Adenomas  or  Carcinomas  (a) 
Male  Female 


nh2.hci 


Aniline  hydrochloride 
CAS  No.  142-04-1 
(NCI  TR  130, 1978a) 


0 

6,000 

12,000 


12/39 

9/49 

7/49 


1/46 

5/48 

5/48 


Azobenzene 
CAS  No.  103-33-3 
(NCI  TR  154, 
1979a) 


o 

200 

400 

0 

208 

545 


9/20 

18/49 

2/48 


0/20 

2/47 

0/36 


p-Chloroaniline 
CAS  No.  106-47-8 
(NCI  TR  189, 1979c) 

Current  studies  on 
p-chloroaniline 
hydrochloride  (c) 


0 

2,500 

5,000 


0 mg/kg 

3 mg/kg 

10  mg/kg 

30  mg/kg 


3/19 

7/49 

2/49 

11/50 

21/49 

20/50 

21/50 


0/18 

1/49 

6/41 

6/50 

9/50 

8/50 

11/50 


D & C Red  No.  9 
CAS  No.  5160-02-1 
(NTPTR  225, 1982a) 


0 

1,000 

2,000 


Ba 


8/50 

13/50 

15/50 


5/50 

3/50 

6/49 


Dapsone 

CAS  No.  80-08-0 

(NCI  TR  20, 1977a) 

H;N— S02  ^ 

0 

500 

1,000 

-nh2 

0/11 

6/33 

2/31 

(b)~ 

. o-Toluidine 

0 

6/19 

0/20 

NH2»HCI  hydrochloride 

1,000 

19/50 

4/49 

Cu  CAS  No.  636-21-5 
3 (NCI  TR  153, 1979b) 

kJ 

3,000 

14/50 

13/50 

(a)  Includes  neoplastic  nodules,  hepatocellular  adenomas,  and  hepatocellular  carcinomas 

(b)  --  denotes  no  tumors  reported 

(c)  Gavage  studies  in  water 
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FIGURE  13.  PROPOSED  MECHANISTIC  SCHEME  FOR  THE  SPLEEN-DIRECTED 
TOXICITY  OF  ANILINE  AND  STRUCTURALLY  RELATED  COMPOUNDS 

(Taken  from  Bus  and  Popp,  1987) 
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involvement  of  genotoxic  mechanisms  is  further 
supported  by  Parodi  et  al.  ( 1982a, b),  who  showed 
that  aniline  induces  DNA  damage  in  vivo  in  the 
liver  and  kidney  of  rats.  Also,  aniline  was  clear- 
ly positive  in  induction  of  sister  chromatid  ex- 
changes (SCEs)  in  vivo  in  male  Swiss  mice.  The 
damage  to  DNA  seen  in  the  liver,  kidney,  and 
bone  marrow  was  absent  in  male  Swiss  mice. 

The  patterns  of  p-chloroaniline  hydrochloride- 
induced  splenic  toxicity  and  carcinogenicity  and 
results  of  disposition  studies  suggest  that  the 
mechanism(s)  of  p-chloroaniline  hydrochloride 
toxicity  and  carcinogenicity  could  likely  follow 
the  scheme  proposed  by  Bus  and  Popp  (1987). 
However,  whether  the  mechanism  of  carcinogen- 
esis is  mediated  through  genotoxic  or  nongeno- 
toxic  events  is  unresolved.  p-Chloroaniline  is 
clearly  genotoxic  in  vitro.  In  the  Salmonella  as- 
say and  the  test  for  chromosomal  aberrations  in 
Chinese  hamster  ovary  cells,  p-chloroaniline 
was  mutagenic  only  in  the  presence  of  S9  metab- 
olizing enzymes.  p-Chloroaniline  also  increased 
the  fraction  of  cultured  mouse  lymphoma  cells 
exhibiting  trifluorothymidine  resistance  and  the 
frequency  of  SCEs  in  Chinese  hamster  ovary 
cells,  both  in  the  presence  and  absence  of  S9. 
Thus,  the  in  vitro  genotoxic  activity  of  p-chloro- 
aniline appears  to  be  dependent  on  metabolism 
for  its  full  expression.  Experimental  evidence 
indicates  that  p-chloroaniline  undergoes  oxida- 
tive transformations  as  a reactive  amine,  with 
the  probable  formation  of  electrophilic  interme- 
diates that  could  be  stablized  by  the  chlorine. 
For  example,  p-chloro-iV-hydroxyaniline  (Von 
Jagow  et  al.,  1966),  which  may  be  formed 
through  a nitronium  ion  intermediate  in  the 
presence  of  oxidative  enzymes,  and  p-aminophe- 
nol  (Ichikawa  et  al.,  1969),  which  may  be  formed 
via  an  arene  oxide  intermediate  possibly  in  the 
absence  of  metabolizing  enzymes,  have  been  re- 
ported as  metabolites  of  p-chloroaniline  in  the 
rabbit.  Both  of  these  intermediates  are  potential 
electrophiles  and  could  covalently  bind 
macromolecules. 


Audit 

The  experimental  and  tabulated  data  for  the 
NTP  Technical  Report  on  p-chloroaniline  hydro- 
chloride were  examined  for  accuracy,  consis- 
tency, completeness,  and  compliance  with  Good 
Laboratory  Practice  regulations.  As  summa- 
rized in  Appendix  I,  the  audit  revealed  no  major 
problems  with  the  conduct  of  the  studies  or  with 
collection  and  documentation  of  the  experi- 
mental data.  No  discrepancies  were  found  that 
influenced  the  final  interpretation  of  the  results 
of  these  studies. 

Conclusions 

Under  the  conditions  of  these  2-year  water  ga- 
vage  studies,  there  was  clear  evidence  of  carcino- 
genic activity*  of  p-chloroaniline  hydrochloride 
for  male  F344/N  rats,  as  indicated  by  increased 
incidences  of  uncommon  sarcomas  of  the  spleen. 
Pheochromocytomas  of  the  adrenal  gland  may 
also  have  been  associated  with  chemical  admin- 
istration. There  was  equivocal  evidence  of  car- 
cinogenic activity  of  p-chloroaniline  hydrochlo- 
ride for  female  F344/N  rats,  as  indicated  by  the 
presence  of  uncommon  sarcomas  of  the  spleen  in 
one  mid  and  one  high  dose  animal  and  the  in- 
creased incidence  of  pheochromocytomas  of  the 
adrenal  gland.  There  was  some  evidence  of  carci- 
nogenic activity  of  p-chloroaniline  hydrochloride 
for  male  B6C3Fi  mice,  as  indicated  by  increased 
incidences  of  hepatocellular  neoplasms  and  of 
hemangiosarcomas  of  the  liver  or  spleen.  There 
was  no  evidence  of  carcinogenic  activity  of  p-chlo- 
roaniline hydrochloride  for  female  B6C3Fi  mice 
administered  3,  10,  or  30  mg/kg  by  gavage  for  2 
years. 

The  incidences  of  mononuclear  cell  leukemia  in 
male  and  female  rats  and  of  malignant  lympho- 
mas in  male  and  female  mice  were  decreased  by 
administration  of  p-chloroaniline  hydrochloride. 
Compound-related  splenic  fibrosis  was  present 
in  male  and  female  rats. 


‘Explanation  of  Levels  of  Evidence  of  Carcinogenic  Activity  is  on  page  7. 

A summary  of  the  Peer  Review  comments  and  the  public  discussion  on  this  Technical  Report  appears  on  page  10. 
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TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

49 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large,  cecum 

(46) 

*(50) 

*(50) 

(44) 

Colon,  rectum,  osteosarcoma,  metastatic, 

spleen 

1 (2%) 

Intestine  large,  rectum 

(47) 

*(50) 

*(50) 

(44) 

Mesothelioma  malignant 

1 (2%) 

Intestine  small,  duodenum 

(48) 

*(50) 

*(50) 

(46) 

Fibrosarcoma,  metastatic,  spleen 

2 (4%) 

Osteosarcoma,  metastatic,  spleen 

3 (7%) 

Ileum,  jejunum,  osteosarcoma,  metastatic, 

spleen 

1 (2%) 

Intestine  small,  jejunum 

(46) 

*(50) 

*(50) 

(41) 

Adenocarcinoma 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

Polyp  adenomatous 

1 (2%) 

Liver 

(49) 

(50) 

(49) 

(49) 

Fibrosarcoma,  metastatic,  spleen 

4 (8%) 

Hepatocellular  carcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Hepatocellular  carcinoma,  multiple 

1 (2%) 

Leukemia  mononuclear 

21  (43%) 

3 (6%) 

2 (4%) 

3 (6%) 

Mesothelioma  malignant 

1 (2%) 

Neoplastic  nodule 

5 (10%) 

3 (6%) 

Osteosarcoma,  metastatic,  spleen 

8 (16%) 

Mesentery 

*(49) 

*(50) 

*(50) 

*(50) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

9 (18%) 

Leukemia  mononuclear 

8 (16%) 

2 (4%) 

Mesothelioma  malignant 

1 (2%) 

2 (4%) 

2 (4%) 

Osteosarcoma,  metastatic,  spleen 

11  (22%) 

Pheochromocytoma  malignant,  metastatic, 

adrenal  gland 

1 (2%) 

Sarcoma 

1 (2%) 

Pancreas 

(48) 

*(50) 

*(50) 

(47) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

6 (13%) 

Leukemia  mononuclear 

4 (8%) 

1 (2%) 

Mesothelioma  malignant 

1 (2%) 

2 (4%) 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

10  (21%) 

Acinus,  adenoma 

1 (2%) 

Salivary  glands 

(49) 

*(50) 

*(50) 

(49) 

Leukemia  mononuclear 

1 (2%) 

Stomach,  forestomach 

(47) 

*(50) 

*(50) 

(46) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

Glandular,  osteosarcoma,  metastatic,  spleen 

1 (2%) 

Stomach,  glandular 

(48) 

*(50) 

*(50) 

(45) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

Tongue 

*(49) 

*(50) 

*(50) 

*(50) 

Papilloma  squamous 

2 (4%) 

1 (2%) 

1 (2%) 

Tooth 

*(49) 

*(50) 

*(50) 

*(50) 

Gingiva,  squamous  cell  carcinoma 

1 (2%) 
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TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

*(49) 

*(50) 

*(50) 

*(50) 

Pulmonary  artery,  fibrosarcoma, 

metastatic,  spleen 

1 (2%) 

Heart 

(49) 

*(50) 

*(50) 

(50) 

Leukemia  mononuclear 

3 (6%) 

1 (2%) 

Osteosarcoma,  metastatic,  bone 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(49) 

(49) 

(49) 

(49) 

Adenoma 

1 (2%) 

Leukemia  mononuclear 

14  (29%) 

1 (2%) 

1 (2%) 

1 (2%) 

Capsule,  fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Capsule,  osteosarcoma,  metastatic,  spleen 

1 (2%) 

Medulla,  fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Adrenal  gland,  medulla 

(49) 

(48) 

(48) 

(48) 

Leukemia  mononuclear 

14  (29%) 

1 (2%) 

1 (2%) 

1 (2%) 

Pheochromocytoma  malignant 

1 (2%) 

1 (2%) 

1 (2%) 

Pheochromocytoma  benign 

10  (20%) 

12  (25%) 

9 (19%) 

13  (27%) 

Bilateral,  pheochromocytoma  benign 

3 (6%) 

2 (4%) 

5 (10%) 

12  (25%) 

Islets,  pancreatic 

(48) 

*(50) 

*(50) 

(46) 

Adenoma 

3 (6%) 

1 (2%) 

Carcinoma 

1 (2%) 

Fibrosarcoma,  metastatic,  spleen 

4 (9%) 

Osteosarcoma,  metastatic,  spleen 

7 (15%) 

Parathyroid  gland 

(48) 

*(50) 

*(50) 

(45) 

Adenoma 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Pituitary  gland 

(47) 

*(50) 

*(50) 

(46) 

Leukemia  mononuclear 

1 (2%) 

Pars  distalis,  adenoma 

19  (40%) 

13  (26%) 

11  (22%) 

10  (22%) 

Pars  distalis,  adenoma,  multiple 

1 (2%) 

1 (2%) 

Pars  distalis,  carcinoma 

1 (2%) 

Pars  intermedia,  adenoma 

1 (2%) 

Thyroid  gland 

(48) 

*(50) 

*(50) 

(45) 

Leukemia  mononuclear 

2 (4%) 

C-cell,  adenoma 

8 (17%) 

2 (4%) 

9 (20%) 

C-cell,  adenoma,  multiple 

1 (2%) 

C-cell,  carcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Follicular  cell,  adenocarcinoma 

1 (2%) 

Follicular  cell,  adenoma 

1 (2%) 

GENERAL  BODY  SYSTEM 

Tissue,  NOS 

*(49) 

*(50) 

*(50) 

*(50) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

GENITAL  SYSTEM 

Epididymis 

(49) 

*(50) 

*(50) 

(50) 

Fibrosarcoma,  metastatic,  spleen 

2 (4%) 

Leukemia  mononuclear 

1 (2%) 

Mesothelioma  malignant 

1 (2%) 

1 (2%) 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

3 (6%) 

Sarcoma 

1 (2%) 

Bilateral,  mesothelioma  malignant 

1 (2%) 

1 (2%) 

Bilateral,  osteosarcoma,  metastatic,  spleen 

1 (2%) 

Penis 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 
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GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

GENITAL  SYSTEM  (Continued) 

Preputial  gland 

(46) 

*(50) 

*(50) 

(48) 

Adenocarcinoma 

1 (2%) 

Adenoma 

1 (2%) 

7 (14%) 

4 (8%) 

2 (4%) 

Leukemia  mononuclear 

1 (2%) 

Prostate 

(49) 

*(50) 

*(50) 

(48) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

3 (6%) 

Seminal  vesicle 

*(49) 

*(50) 

*(50) 

*(50) 

Osteosarcoma,  metastatic,  spleen 

2 (4%) 

Testes 

(49) 

*(50) 

*(50) 

(50) 

Mesothelioma  malignant 

1 (2%) 

2 (4%) 

1 (2%) 

2 (4%) 

Osteosarcoma,  metastatic,  spleen 

3 (6%) 

Bilateral,  mesothelioma  malignant 

1 (2%) 

Bilateral,  interstitial  cell,  adenoma 

25  (51%) 

38  (76%) 

33  (66%) 

40  (80%) 

Interstitial  cell,  adenoma 

11  (22%) 

6 (12%) 

11  (22%) 

6 (12%) 

HEMATOPOIETIC  SYSTEM 

Blood 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

19  (39%) 

3 (6%) 

1 (2%) 

3 (6%) 

Bone  marrow 

(49) 

(50) 

(49) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

Femoral,  leukemia  mononuclear 

6 (12%) 

1 (2%) 

Lymph  node 

(49) 

*(50) 

*(50) 

(49) 

Axillary,  leukemia  mononuclear 

1 (2%) 

Deep  cervical,  leukemia  mononuclear 

1 (2%) 

Inguinal,  leukemia  mononuclear 

4 (8%) 

Lumbar,  leukemia  mononuclear 

1 (2%) 

Mediastinal,  fibrosarcoma,  metastatic,  spleen 

2 (4%) 

Mediastinal,  leukemia  mononuclear 

16  (33%) 

1 (2%) 

3 (6%) 

Mediastinal,  osteosarcoma,  metastatic,  spleen 

6 (12%) 

Mediastinal,  pancreatic,  fibrosarcoma, 

metastatic,  spleen 

1 (2%) 

Pancreatic,  leukemia  mononuclear 

1 (2%) 

1 (2%) 

Pancreatic,  mesothelioma  malignant 

1 (2%) 

Renal,  leukemia  mononuclear 

1 (2%) 

1 (2%) 

Lymph  node,  mandibular 

(48) 

*(50) 

*(50) 

(48) 

Leukemia  mononuclear 

17  (35%) 

1 (2%) 

1 (2%) 

3 (6%) 

Lymph  node,  mesenteric 

(10) 

*(50) 

*(50) 

(10) 

Leukemia  mononuclear 

7 (70%) 

1 (2%) 

3 (30%) 

Mediastinal,  osteosarcoma,  metastatic,  spleen 

1 (10%) 

Pancreatic,  fibrosarcoma,  metastatic,  spleen 

1 (10%) 

Spleen 

(49) 

(50) 

(50) 

(50) 

Fibroma 

2 (4%) 

Fibrosarcoma 

1 (2%) 

2 (4%) 

17  (34%) 

Hemangiosarcoma 

4 (8%) 

Leukemia  mononuclear 

21  (43%) 

3 (6%) 

2 (4%) 

3 (6%) 

Mesothelioma  malignant 

1 (2%) 

2 (4%) 

1 (2%) 

Osteosarcoma 

1 (2%) 

19  (38%) 

Thymus 

(43) 

*(50) 

*(50) 

(36) 

Leukemia  mononuclear 

8 (19%) 

1 (2%) 

2 (6%) 

Osteosarcoma,  metastatic,  spleen 

1 (3%) 

Thymoma  benign 

1 (2%) 

105 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(32) 

*(50) 

*(50) 

(36) 

Fibroadenoma 

1 (3%) 

2 (4%) 

3 (6%) 

3 (8%) 

Skin 

(47) 

*(50) 

*(50) 

(49) 

Basal  cell  adenoma 

1 (2%) 

Basosquamous  tumor  benign 

1 (2%) 

1 (2%) 

Keratoacanthoma 

2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Papilloma  squamous 

1 (2%) 

Squamous  cell  carcinoma 

1 (2%) 

Sebaceous  gland,  adenoma 

1 (2%) 

Subcutaneous  tissue,  fibroma 

3 (6%) 

2 (4%) 

1 (2%) 

4 (8%) 

Subcutaneous  tissue,  fibrosarcoma 

1 (2%) 

2 (4%) 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(48) 

*(50) 

*(50) 

(50) 

Cranium,  osteosarcoma 

1 (2%) 

Rib,  osteosarcoma 

1 (2%) 

Skeletal  muscle 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma,  metastatic,  bone 

1 (2%) 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

2 (4%) 

Diaphragm,  fibrosarcoma,  metastatic,  spleen 

3 (6%) 

Diaphragm,  mesothelioma  malignant 

1 (2%) 

Diaphragm,  osteosarcoma,  metastatic,  spleen 

2 (4%) 

NERVOUS  SYSTEM 

Brain 

(49) 

*(50) 

*(50) 

(50) 

Astrocytoma  benign 

1 (2%) 

Ependymoma  malignant 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Cerebellum,  meningioma  malignant 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(49) 

*(50) 

*(50) 

(50) 

Alveolar/bronchiolar  adenoma 

1 (2%) 

Fibrosarcoma,  metastatic,  spleen 

5 (10%) 

Hemangiosarcoma,  metastatic,  spleen 

1 (2%) 

Leukemia  mononuclear 

20  (41%) 

1 (2%) 

3 (6%) 

Osteosarcoma,  metastatic,  bone 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

3 (6%) 

Squamous  cell  carcinoma 

1 (2%) 

Nose 

*(49) 

*(50) 

*(50) 

(46) 

Leukemia  mononuclear 

1 (2%) 

Polyp 

1 (2%) 

Nasolacrimal  duct,  squamous  cell  carcinoma 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Eye 

*(49) 

*(50) 

*(50) 

*(50) 

Bilateral,  leukemia  mononuclear 

1 (2%) 
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TABLE  Al.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  MALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

URINARY  SYSTEM 

Kidney 

(48) 

(50) 

(49) 

(50) 

Fibrosarcoma,  metastatic,  spleen 

1 (2%) 

3 (6%) 

Leukemia  mononuclear 

18  (38%) 

2 (4%) 

1 (2%) 

3 (6%) 

Mesothelioma  malignant 

1 (2%) 

Osteosarcoma,  metastatic,  bone 

1 (2%) 

Osteosarcoma,  metastatic,  spleen 

6 (12%) 

Renal  tubule,  adenoma 

1 (2%) 

Ureter 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 

Urethra 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 

Urinary  bladder 

(47) 

*(50) 

*(50) 

(46) 

Fibrosarcoma,  metastatic,  spleen 

2 (4%) 

Leukemia  mononuclear 

1 (2%) 

Mesothelioma  malignant 

I (2%) 

Osteosarcoma,  metastatic,  spleen 

1 (2%) 

Papilloma 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

*(49) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

21  (43%) 

3 (6%) 

2 (4%) 

3 (6%) 

Mesothelioma  malignant 

1 (2%) 

3 (6%) 

1 (2%) 

2 (4%) 

Hemangiosarcoma 

4 (8%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

49 

50 

50 

50 

Dead 

5 

5 

9 

18 

Terminal  sacrifice 

18 

32 

32 

20 

Dosing  accident 

2 

1 

Moribund 

26 

13 

7 

11 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

46 

49 

49 

49 

Total  primary  neoplasms 

125 

112 

98 

159 

Total  animals  with  benign  neoplasms 

44 

49 

47 

47 

Total  benign  neoplasms 

97 

96 

85 

107 

Total  animals  with  malignant  neoplasms 

28 

14 

12 

43 

Total  malignant  neoplasms 

28 

16 

13 

52 

Total  animals  with  secondary  neoplasms  ***  1 

1 

2 

23 

Total  secondary  neoplasms 

2 

3 

4 

132 

* Number  of  animals  receiving  complete  necropsy  examinations;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CH  LORO  ANILINE  HYDROCHLORIDE:  VEHICLE  CONTROL 


WEEKS  On 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Mesothelioma  malignant 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Hepatocellular  carcinoma 
Leukemia  mononuclear 
Mesentery 

Leukemia  mononuclear 
Mesothelioma  malignant 
Pancreas 

Leukemia  mononuclear 
Mesothelioma  malignant 
Acinus,  adenoma 
Salivary  glands 
Leukemia  mononuclear 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Leukemia  mononuclear 
Tongue 

Papilloma  squamous 
Tootn 

CARDIO  VASCTJ  LAR" 'SYSTEM 

Blood  vessel 
Heart 

Leukemia  mononuclear 
Osteosarcoma,  metastatic,  bone 

endocrine  System 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Leukemia  mononuclear 
Pituitary  gland 
Leukemia  mononuclear 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Pars  intermedia,  adenoma 
Thyroid  gland 
Leukemia  mononuclear 
C-cell,  adenoma 
C-cell,  adenoma,  multiple 
C-cell,  carcinoma 

General  body  system 

None 

GENITAL  SYSTEM 

Epididymis 

Leukemia  mononuclear 
Mesothelioma  malignant 
Preputial  gland 
Aaenoma 

Leukemia  mononuclear 
Prostate 

Leukemia  mononuclear 
Seminal  vesicle 
Testes 

Mesothelioma  malignant 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 
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X 

X 

Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X:  Incidence  of  listed  morphology 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY 'SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Mesothelioma  malignant 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Hepatocellular  carcinoma 
Leukemia  mononuclear 
Mesentery 

Leukemia  mononuclear 
Mesothelioma  malignant 
Pancreas 

Leukemia  mononuclear 
Mesothelioma  malignant 
Acinus,  adenoma 
Salivary  glands 
Leukemia  mononuclear 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Leukemia  mononuclear 
Tongue 

Papilloma  squamous 
Tootn 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 
Heart 

Leukemia  mononuclear 
Osteosarcoma,  metastatic,  bone 

ENT)UCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Leukemia  mononuclear 
Pituitary  gland 
Leukemia  mononuclear 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Pars  intermedia,  adenoma 
Thyroid  gland 
Leukemia  mononuclear 
C-cell,  adenoma 
C-cell,  adenoma,  multiple 
C-cell,  carcinoma 

General  Body  system 

None 

GENITAL  SYSTEM 

Epididymis 

Leukemia  mononuclear 
Mesothelioma  malignant 
Preputial  gland 
Aaenoma 

Leukemia  mononuclear 
Prostate 

Leukemia  mononuclear 
Seminal  vesicle 
Testes 

Mesothelioma  malignant 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 


I 

i 

1 

I 

1 

i 

i 

1 

1 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

i 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

2 

2 

3 

4 

5 

5 

5 

s 

5 

5 

5 

5 

s 

5 

5 

5 

5 

5 

5 

s 

5 

5 

TOTAL: 

a 

4 

a 

a 

a 

4 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

3 

TISSUES 

9 

0 

8 

1 

3 

0 

1 

2 

6 

1 

4 

5 

6 

6 

9 

1 

I 

2 

7 

8 

3 

4 

6 

7 

TUMORS 

2 

2 

3 

2 

2 

5 

i 

3 

3 

5 

3 

3 

1 

4 

4 

3 

4 

2 

1 

5 

5 

s 

2 

3 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 
1 

48 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

+ 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

X 

1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

21 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 

X 

X 

X 

8 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

X 

4 

I 

X 

i 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

1 

48 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 
1 

48 

1 

2 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

X 

2 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

3 

I 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

1 

14 

X 

X 

X 

X 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

X 

X 

X 

X 

14 

X 

1 

X 

X 

X 

X 

X 

X 

X 

10 

X 

X 

X 

3 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

X 

X 

3 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

19 

X 

I 

1 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

2 

X 

X 

X 

X 

X 

X 

X 

8 

X 

1 

I 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

1 

+ 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

M 

4- 

4- 

4- 

4- 

4- 

1 

46 

X 

1 

1 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

4- 

4- 

4- 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

36 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

1 

25 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

11 

109 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  VEHICLE  CONTROL 

(Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  LOW  DOSE 


1 1 
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ID 
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ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Adenocarcinoma 
Liver 

Hepatocellular  carcinoma 
Leukemia  mononuclear 
Mesothelioma  malignant 
Neoplastic  nodule 
Mesentery 

Mesothelioma  malignant 
Sarcoma 
Pancreas 

Leukemia  mononuclear 
Mesothelioma  malignant 
Salivary  glands 
Stoma  cL 

Stomach,  forestomach 
Stomach,  glandular 
Tongue 
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Heart 
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Adrenal  gland 
Adrenai  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Adenoma 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
C-ceil,  adenoma 
C-cell,  carcinoma 
Follicular  cell,  adenocarcinoma 
Follicular  cell,  adenoma 

general  body  system 

None 

GENITAL  SYSTEM 

Epididymis 

Mesothelioma  malignant 
Bilateral,  mesothelioma  malignant 
Preputial  gland 
Ace  noma 
Prostate 
Seminal  vesicle 
Testes 

Mesothelioma  malignant 
Bilateral,  mesothelioma  malignant 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 


+ + + 

+ + + 


+ + + + + + + 

X 

X 

X 

+ 

X 


X X 


+ + + + 


+ + + + + + 

X X 
+ + + + + 

+ + 

+ + + + + + 


X XX  X 
XXX  X 


+ + 

X 


+ + + + + 

X 


X X X X X 


XXX 


+ + + 


xxxxxxxx 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


112 


TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  LOW  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


SEIMENTSHY  "SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Adenocarcinoma 
Liver 

Hepatocellular  carcinoma 
Leukemia  mononuclear 
Mesothelioma  malignant 
Neoplastic  nodule 
Mesentery 

Mesothelioma  malignant 
Sarcoma 
Pancreas 

Leukemia  mononuclear 
Mesothelioma  malignant 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tongue 

Papilloma  squamous 
Tootn 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 
Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Adenoma 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
C-cell,  adenoma 
C-cell,  carcinoma 
Follicular  cell,  adenocarcinoma 
Follicular  cell,  adenoma 

GENERAL"  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Epididymis 

Mesothelioma  malignant 
Bilateral,  mesothelioma  malignant 
Preputial  gland 
Aaenoma 
Prostate 
Seminal  vesicle 
Testes 

Mesothelioma  malignant 
Bilateral,  mesothelioma  malignant 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  LOW  DOSE 

(Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  LOW  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Leukemia  mononuclear 
Bone  marrow 
Lymph  node 

Pancreatic,  leukemia  mononuclear 
Lymph  node,  mandibular 
Leukemia  mononuclear 
Lymph  node,  mesenteric 
Leukemia  mononuclear 
Spleen 

Fibrosarcoma 
Leukemia  mononuclear 
Mesothelioma  malignant 
Thymus 

Thymoma  benign 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Fibroadenoma 
Skin 

Basal  cell  adenoma 
Basosquamous  tumor  benign 
Keratoacanthoma 
Squamous  cell  carcinoma 
Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 

MUSCULOSKELETAL  SYSTEM 

Bone 

Cranium,  osteosarcoma 
Skeletal  muscle 

Osteosarcoma,  metastatic,  bone 

NERVOUS  SYSTEM 

Brain 

Peripheral  nerve 

RESPIRATORY"SYSTEM 

Lung 

Osteosarcoma,  metastatic,  bone 
Nose 
Trachea 

SPECIAL  Senses  system 

Eye 

Harderian  gland 

URINARY  SYSTEM 

Kidney 

Leukemia  mononuclear 
Osteosarcoma,  metastatic,  bone 
Ureter 
Urethra 
Urinary  bladder 
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TOTAL: 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  MID  DOSE 


WEEKS  ON 
STUDY 


CARCASS 

ID 


SrmTITARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Polyp  adenomatous 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Leukemia  mononuclear 
Neoplastic  nodule 
Mesentery 

Fibrosarcoma,  metastatic,  spleen 
Pheochromocytoma  malignant, 
metastatic,  adrenal  gland 
Pancreas 

Fibrosarcoma,  metastatic,  spleen 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

Heart 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  malignant 
Pheochromocytoma  benign 
Bilateral,  pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Pars  distalis,  carcinoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM 
None 

GENITAL  SYSTEM 
Epididymis 

Mesothelioma  malignant 
Penis 

Leukemia  mononuclear 
Preputial  gland 
Aaenoma 
Prostate 
Seminal  vesicle 
Testes 

Mesothelioma  malignant 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  MID  DOSE 

(Continued) 
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Liver 

Hepatocellular  carcinoma 
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Neoplastic  nodule 
Mesentery 
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Pheochromocytoma  malignant, 
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Stomach,  glandular 
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Pheochromocytoma  malignant 
Pheochromocytoma  benign 
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TABLE  .A 2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  MID  DOSE 

Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  MID  DOSE 

(Continued) 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CH  LORO  ANILINE  HYDROCHLORIDE:  HIGH  DOSE 
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4- 

4- 

4- 

4- 

4- 

4- 

A 

4- 

4- 

4- 

4- 

A 

4- 

4- 

4- 

4- 

A 

A 

4 

4- 

A 

C-ceil.  adenoma 

X 

X 

C-ceiL  carcinoma 

X 

GENERAL  BOD*  SYisTEM 
Tissue.  NOS 

. 

Osteosarcoma,  metastatic,  spieen 

X 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

i 

1 

1 

1 

1 

1 

1 

1 

1 

i 

i 

i 

i 

i 

1 

i 

i 

i 

i 

i 

i 

i 

i 

1 

i 

STUDY 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

4 

4 

4 

5 

5 

5 

5 

5 

3 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

s 

5 

5 

5 

TOTAL: 

CARCASS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

TISSUES 

ID 

1 

3 

3 

9 

6 

7 

8 

9 

1 

2 

4 

4 

6 

7 

0 

2 

6 

6 

7 

8 

9 

1 

7 

7 

9 

TUMORS 

1 

3 

4 

3 

5 

3 

4 

2 

3 

3 

3 

4 

1 

1 

3 

5 

2 

3 

4 

5 

4 

4 

2 

5 

5 

ALIMENTARY  SYSTEM 

Esophagus 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Intestine  large 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Intestine  large,  cecum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

44 

Colon,  rectum,  osteosarcoma,  metastatic, 

spleen 

i 

Intestine  large,  colon 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

45 

Intestine  large,  rectum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

44 

Intestine  small 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 

Intestine  small,  duodenum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Fibrosarcoma,  metastatic,  spleen 

2 

Osteosarcoma,  metastatic,  spleen 

X 

X 

X 

3 

Ileum,  jejunum,  osteosarcoma, 

metastatic,  spleen 

1 

Intestine  small,  ileum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

39 

Intestine  small,  jejunum 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

A 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

41 

Osteosarcoma,  metastatic,  spleen 

X 

1 

Liver 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Fibrosarcoma,  metastatic,  spleen 

4 

Leukemia  mononuclear 

X 

3 

Osteosarcoma,  metastatic,  spleen 

X 

X 

X 

X 

X 

X 

8 

Mesentery 

-f- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

Fibrosarcoma,  metastatic,  spleen 

X 

X 

9 

Leukemia  mononuclear 

2 

Mesothelioma  malignant 

X 

2 

Osteosarcoma,  metastatic,  spleen 

X 

X 

X 

X 

X 

X 

11 

Pancreas 

+ 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

4- 

4- 

47 

Fibrosarcoma,  metastatic,  spleen 

X 

6 

Mesothelioma  malignant 

X 

1 

Osteosarcoma,  metastatic,  spleen 

X 

X 

X 

X 

X 

X 

10 

Salivary  glands 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Stomach 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Stomach,  forestomach 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Osteosarcoma,  metastatic,  spleen 

X 

1 

Glandular,  osteosarcoma,  metastatic, 

spleen 

X 

1 

Stomach,  glandular 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

45 

Fibrosarcoma,  metastatic,  spleen 

1 

Osteosarcoma,  metastatic,  spleen 

1 

Tongue 

1 

Papilloma  squamous 

1 

Tooth 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Gingiva,  squamous  cell  carcinoma 

X 

1 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Pulmonary  artery,  fibrosarcoma, 

metastatic,  spleen 

1 

Heart 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

ENDOCRINE  SYSTEM 

Adrenal  gland 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Adrenal  gland,  cortex 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Leukemia  mononuclear 

1 

Capsule,  fibrosarcoma,  metastatic. 

spleen 

1 

Capsule,  osteosarcoma,  metastatic, 

spleen 

1 

Medulla,  fibrosarcoma,  metastatic, 

spleen 

1 

Adrenal  gland,  medulla 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

48 

Leukemia  mononuclear 

1 

Pheochromocytoma  malignant 

X 

1 

Pheochromocytoma  benign 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

13 

Bilateral,  pheochromocytoma  benign 

X 

X 

X 

X 

X 

X 

X 

12 

Islets,  pancreatic 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Adenoma 

1 

Carcinoma 

X 

1 

Fibrosarcoma,  metastatic,  spleen 

X 

4 

Osteosarcoma,  metastatic,  spleen 

X 

X 

X 

X 

7 

Parathyroid  gland 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

M 

4- 

M 

4- 

4- 

M 

45 

Adenoma 

X 

1 

Pituitary  gland 

+ 

+ 

-1- 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

M 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

46 

Pars  distalis,  adenoma 

X 

X 

X 

X 

X 

10 

Pars  distalis,  adenoma,  multiple 

X 

1 

Thyroid  gland 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

45 

C-cell,  adenoma 

X 

X 

X 

X 

X 

X 

X 

9 

C-cell,  carcinoma 

1 

General  BODY  SYSTEM 

Tissue,  NOS 

1 

Osteosarcoma,  metastatic,  spleen 

1 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  HIGH  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


GENITAL  SYSTEM 

Epididymis 

Fibrosarcoma,  metastatic,  spleen 
Osteosarcoma,  metastatic,  spleen 
Sarcoma 

Bilateral,  mesothelioma  malignant 
Bilateral,  osteosarcoma,  metastatic, 
spleen 

Preputial  gland 
Adenocarcinoma 
Adenoma 
Prostate 

Fibrosarcoma,  metastatic,  spleen 
Osteosarcoma,  metastatic,  spleen 
Seminal  vesicle 

Osteosarcoma,  metastatic,  spleen 
Testes 

Mesothelioma  malignant 
Osteosarcoma,  metastatic,  spleen 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 

HEMATOPOIETIC  SYSTEM 
Blood 

Leukemia  mononuclear 
Bone  marrow 

Osteosarcoma,  metastatic,  spleen 
Lymph  node 

Mediastinal,  fibrosarcoma,  metastatic, 
spleen 

Mediastinal,  leukemia  mononuclear 
Mediastinal,  osteosarcoma,  metastatic, 
spleen 

Mediastinal,  pancreatic,  fibrosarcoma, 
metastatic,  spleen 

Pancreatic,  mesothelioma  malignant 
Renal,  leukemia  mononuclear 
Lymph  node,  mandibular 
Leukemia  mononuclear 
Lymph  node,  mesenteric 
Leukemia  mononuclear 
Mediastinal,  osteosarcoma,  metastatic, 
spleen 

Pancreatic,  fibrosarcoma,  metastatic, 
spleen 
Spleen 
Fibroma 
Fibrosarcoma 
Hemangiosarcoma 
Leukemia  mononuclear 
Mesothelioma  malignant 
Osteosarcoma 
Thymus 

Leukemia  mononuclear 
Osteosarcoma,  metastatic,  spleen 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Fibroadenoma 
Skin 

Keratoacanthoma 
Subcutaneous  tissue,  fibroma 

MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

Osteosarcoma,  metastatic,  spleen 
Diaphragm,  fibrosarcoma,  metastatic, 
spleen 

Diaphragm,  osteosarcoma,  metastatic, 
spleen 

NERVOUS  SYSTEM 

Brain 

Peripheral  nerve 
Spinal  cord 

RESPIRATORY  SYSTEM 

Lung 

Fibrosarcoma,  metastatic,  spleen 
Hemangiosarcoma,  metastatic,  spleen 
Leukemia  mononuclear 
Osteosarcoma,  metastatic,  spleen 
Nose 

Nasolacrimal  duct,  squamous  cell 
carcinoma 
Trachea 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

I 

I 

1 

6 

6 

7 

7 

7 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

8 

I 

5 

7 

0 

4 

8 

9 

9 

0 

4 

S 

5 

7 

7 

7 

8 

8 

8 

9 

0 

2 

3 

3 

1 

0 

I 

it 

0 

0 

0 

0 

0 

0 

0 

u 

0 

0 

0 

0 

0 

0 

0 

0 

l 

» 

u- 

'T~~ 

15 

0 

I 

0 

4 

4 

5 

5 

8 

3 

2 

5 

L 

6 

9 

3 

3 

8 

5 

2 

5 

0 

4 

2 

0 

8 

4 

5 

L 

2 

5 

4 

3 

3 

S 

4 

I 

2 

4 

I 

I 

2 

1 

5 

I 

2 

5 

1 

2 

2 

2 

4 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

X 

X 

X 

X 

X 

X 

4 

+ 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4 

4 

X 

4 

4- 

+ 

4- 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+■ 

4 

4 

X 

X 

4- 

4 

4- 

4- 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

+ 

+ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

4- 

4- 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4- 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

+ 

4 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

4 

4 

4 

M 

4 

X 

X 

X 

4 

4 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

M 

A 

M 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

M 

4 

M 

4 

4 

4 

A 

4 

4 

4 

X 

X 

M 

4- 

M 

4- 

M 

M 

M 

4 

4 

4 

4 

M 

M 

4 

4 

4 

4 

4 

4 

4 

M 

M 

4 

4 

M 

X 

M 

4- 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

+ 

4- 

+ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

+ 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

+ 

A 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

A 

4 

4 

4 

4 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

i 

4 

4 

4 

4 

4 

4 

4 

4 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  HIGH  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


GENITAL  SYSTEM 
Epididymis 

Fibrosarcoma,  metastatic,  spleen 
Osteosarcoma,  metastatic,  spleen 
Sarcoma 

Bilateral,  mesothelioma  malignant 
Bilateral,  osteosarcoma,  metastatic, 
spleen 

Preputial  gland 
Adenocarcinoma 
Adenoma 
Prostate 

Fibrosarcoma,  metastatic,  spleen 
Osteosarcoma,  metastatic,  spleen 
Seminal  vesicle 

Osteosarcoma,  metastatic,  spleen 
Testes 

Mesothelioma  malignant 
Osteosarcoma,  metastatic,  spleen 
Bilateral,  interstitial  cell,  adenoma 
Interstitial  cell,  adenoma 

FfEMXTO'POI ETIC  SYSTEM 

Blood 

Leukemia  mononuclear 
Bone  marrow 

Osteosarcoma,  metastatic,  spleen 
Lymph  node 

Mediastinal,  Fibrosarcoma,  metastatic, 
spleen 

Mediastinal,  leukemia  mononuclear 
Mediastinal,  osteosarcoma,  metastatic, 
spleen 

Mediastinal,  pancreatic,  fibrosarcoma, 
metastatic,  spleen 

Pancreatic,  mesothelioma  malignant 
Renal,  leukemia  mononuclear 
Lymph  node,  mandibular 
Leukemia  mononuclear 
Lymph  node,  mesenteric 
Leukemia  mononuclear 
Mediastinal,  osteosarcoma,  metastatic, 
spleen 

Pancreatic,  fibrosarcoma,  metastatic, 
spleen 
Spleen 
Fibroma 
Fibrosarcoma 
Hemangiosarcoma 
Leukemia  mononuclear 
Mesothelioma  malignant 
Osteosarcoma 
Thymus 

Leukemia  mononuclear 
Osteosarcoma,  metastatic,  spleen 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Fibroadenoma 
Skin 

Keratoacanthoma 
Subcutaneous  tissue,  fibroma 

musculoskeletal  System 

Bone 

Skeletal  muscle 

Osteosarcoma,  metastatic,  spleen 
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Nasolacrimal  duct,  squamous  cell 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

0 
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4- 
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Leukemia  mononuclear 
Osteosarcoma,  metastatic,  spleen 
Renal  tubule,  adenoma 

X 

X 

X 

X 

X 

X 

Ureter 

4- 

4- 

4- 

4- 
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Fibrosarcoma,  metastatic,  spleen 
Osteosarcoma,  metastatic,  spleen 
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TABLE  A2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  RATS:  HIGH  DOSE 

(Continued) 
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4 
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4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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Fibrosarcoma,  metastatic,  spleen 
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Osteosarcoma,  metastatic,  spleen 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE 


Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


Adrenal  Medulla:  Pheochromocytoma 


Overall  Rates  (a) 

13/49(27%) 

14/48(29%) 

14/48(29%) 

25/49(51%) 

Adjusted  Rates  (b) 

53.8% 

40.3% 

40.7% 

79.5% 

Terminal  Rates  (c) 

8/18(44%) 

11/31  (35%) 

12/32(38%) 

15/21(71%) 

Day  of  First  Observation 

633 

651 

476 

618 

Life  Table  Tests  (d) 

P<0.001 

P = 0.158N 

P = 0.134N 

P = 0.061 

Logistic  Regression  Tests  (d) 
Cochran-  Armitage  Trend  Test  (d) 

P = 0.003 
P = 0.003 

P = 0.358N 

P = 0.504N 

P = 0.028 

Fisher  Exact  Test  (d)  P = 0.475 

Adrenal  Medulla:  Pheochromocytoma  or  Malignant  Pheochromocytoma 

P = 0.475 

O 

© 

II 

a- 

Overall  Rates  (a) 

13/49(27%) 

14/48(29%) 

15/48(31%) 

26/49  (53%) 

Adjusted  Rates  (b) 

53.8% 

40.3% 

43.6% 

82.9% 

Terminal  Rates  (c) 

8/18(44%) 

11/31(35%) 

13/32(41%) 

16/21  (76%) 

Day  of  First  Observation 

633 

651 

476 

618 

Life  Table  Tests  (d) 

PcO.001 

P = 0.158N 

P = 0.175N 

P = 0.041 

Logistic  Regression  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

P = 0.001 
P = 0.002 

P = 0.358N 

P = 0.586N 

P = 0.017 

Fisher  Exact  Test  (d) 

P = 0.475 

P = 0.386 

P = 0.006 

Preputial  Gland:  Adenoma 

Overall  Rates  (a) 

Adjusted  Rates  (b) 

Terminal  Rates  (c) 

Day  of  First  Observation 
Life  Table  Test  (d) 

Logistic  Regression  Test  (d) 
Fisher  Exact  Test  (d) 

1/46  (2%) 
6.7% 
1/15(7%) 
729 

(e)  7/12  (58%) 

(e)  4/15(27%) 

2/48  (4%) 
10.0% 
2/20(10%) 
729 

P = 0.602 
P = 0.602 
P = 0.516 

Preputial  Gland:  Adenoma  or  Adenocarcinoma 


Overall  Rates  (a) 

L 

Adjusted  Rates  (b) 

4| 

::: 

Terminal  Rates  (c) 

Day  of  First  Observation 

Life  Table  Test(d) 

Logistic  Regression  Test  (d) 

Rio 

il*» 

Fisher  Exact  Test  (d) 

«|iu 

Pancreatic  Islets:  Adenoma 

(MU'! 

Overall  Rates  (a) 
Adjusted  Rates  (b) 

MKI 

Terminal  Rates  (c) 

•jni 

njm 

Day  of  First  Observation 

■jio 

Life  Table  Test  (d) 

•p! 

Logistic  Regression  Test  (d) 
Fisher  Exact  Test  (d) 

Pancreatic  Islets:  Adenoma  or  Carcinoma 
Overall  Rates  (a) 

Adjusted  Rates  (b) 

Terminal  Rates  (c) 

Day  of  First  Observation 
Life  Table  Test  (d) 

Logistic  Regression  Test  (d) 

Fisher  Exact  Test  (d) 


1/46  (2%) 

(e)  7/12  (58%) 

(e)  4/15(27%) 

3/48  (6%) 

6.7% 

12.0% 

1/15(7%) 

2/20(10%) 

729 

535 

P = 0.393 
P = 0.348 
P = 0.325 

3/48  (6%) 

(e)  0/4  (0%) 

(e)  0/10(0%) 

1/46(2%) 

13.7% 

3.6% 

2/18(11%) 

0/21  (0%) 

633 

712 

P = 0.243N 
P = 0.274N 
P = 0.325N 

3/48  (6%) 

(e)  0/4(0%) 

(e)  0/10(0%) 

2/46  (4%) 

13.7% 

8.2% 

2/18(11%) 

1/21  (5%) 

633 

712 

P = 0.418N 
P = 0.451N 
P = 0.520N 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

Liver:  Neoplastic  Nodule 

Overall  Rates  (a) 

0/49  (0%) 

5/50(10%) 

3/49  (6%) 

0/49(0%) 

Adjusted  Rates  (b) 

0.0% 

15.6% 

9.4% 

0.0% 

Terminal  Rates  (c) 

0/18(0%) 

5/32(16%) 

3/32  (9%) 

0/21  (0%) 

Day  of  First  Observation 

729 

729 

Life  Table  Tests  (d) 

P = 0.190N 

P = 0.103 

P = 0.238 

(0 

Logistic  Regression  Tests  (d) 

P = 0.190N 

P = 0.103 

P = 0.238 

(0 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.178N 

P = 0.030 

P = 0.121 

(f) 

Liver:  Neoplastic  Nodule  or  Hepatocellular  Carcinoma 

Overall  Rates  (a) 

1/49(2%) 

6/50(12%) 

5/49(10%) 

0/49  (0%) 

Adjusted  Rates  (b) 

5.6% 

18.8% 

15.0% 

0.0% 

Terminal  Rates  (c) 

1/18(6%) 

6/32(19%) 

4/32(13%) 

0/21  (0%) 

Day  of  First  Observation 

729 

729 

716 

Life  Table  Tests  (d) 

P = 0.106N 

P = 0.196 

P = 0.279 

P = 0.469N 

Logistic  Regression  Tests  (d) 

P = 0.084N 

P = 0.196 

P = 0.241 

P = 0.469N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.102N 

P = 0.059 

P = 0.102 

P = 0.500N 

Mammary  Gland:  Fibroadenoma 

Overall  Rates  (a) 

1/49(2%) 

2/50  (4%) 

3/50  (6%) 

3/50  (6%) 

Adjusted  Rates  (b) 

2.6% 

6.3% 

9.4% 

12.3% 

Terminal  Rates  (c) 

0/18(0%) 

2/32  (6%) 

3/32  (9%) 

2/21  (10%) 

Day  of  First  Observation 

626 

729 

729 

680 

Life  Table  Tests  (d) 

P = 0.231 

P = 0.655 

P = 0.469 

P = 0.356 

Logistic  Regression  Tests  (d) 

P = 0.297 

P = 0.558 

P = 0.364 

P = 0.344 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.292 

P = 0.508 

P = 0.316 

P = 0.316 

Pituitary  Gland/Pars  Distalis:  Adenoma 


Overall  Rates  (a) 

20/47(43%) 

(e)  13/18  (72%) 

(e,g)  11/19  (58%) 

11/46(24%) 

Adjusted  Rates  (b) 

61.4% 

38.7% 

Terminal  Rates  (c) 

7/18(39%) 

5/20  (25%) 

Day  of  First  Observation 

455 

654 

Life  Table  Test  (d) 

P = 0.023N 

Logistic  Regression  Test  (d) 

P = 0.027N 

Fisher  Exact  Test  (d) 

P = 0.045N 

Subcutaneous  Tissue:  Fibroma 

Overall  Rates  (a) 

3/49  (6%) 

2/50(4%) 

1/50  (2%) 

4/50  (8%) 

Adjusted  Rates  (b) 

13.2% 

5.2% 

3.1% 

14.7% 

Terminal  Rates  (c) 

1/18(6%) 

1/32  (3%) 

1/32(3%) 

2/21  (10%) 

Day  of  First  Observation 

680 

626 

729 

676 

Life  Table  Tests  (d) 

P = 0.277 

P = 0.314N 

P = 0.150N 

P = 0.605 

Logistic  Regression  Tests  (d) 

P = 0.318 

P = 0.425N 

P = 0.222N 

P = 0.584 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.310 

P = 0.490N 

P = 0.301N 

10 
© 

11 

CL 

Subcutaneous  Tissue:  Fibroma  or  Fibrosarcoma 

Overall  Rates  (a) 

4/49  (8%) 

4/50  (8%) 

2/50  (4%) 

4/50(8%) 

Adjusted  Rates  (b) 

18.3% 

9.8% 

5.1% 

14.7% 

Terminal  Rates  (c) 

2/18(11%) 

1/32(3%) 

1/32  (3%) 

2/21  (10%) 

Day  of  First  Observation 

680 

626 

361 

676 

Life  Table  Tests  (d) 

P = 0.566 

P = 0.407N 

P = 0.164N 

P = 0.533N 

Logistic  Regression  Tests  (d) 

P = 0.586 

P = 0.568N 

P = 0.328N 

P = 0.552N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.586 

P = 0.631N 

P = 0.329N 

P = 0.631N 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


Spleen:  Fibrosarcoma 


Overall  Rates  (a) 

0/49(0%) 

1/50(2%) 

2/50(4%) 

17/50(34%) 

Adjusted  Rates  (b) 

0.0% 

2.7% 

5.7% 

47.1% 

Terminal  Rates  (c) 

0/18(0%) 

0/32  (0%) 

1/32(3%) 

5/21  (24%) 

Day  of  First  Observation 

687 

702 

522 

Life  Table  Tests  (d) 

P<0.001 

P = 0.570 

P = 0.364 

P<0.001 

Logistic  Regression  Tests  (d) 

PcO.001 

P = 0.523 

P = 0.293 

PC0.001 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

PC0.001 

P = 0.505 

P = 0.253 

PC0.001 

Spleen:  Fibroma  or  Fibrosarcoma 

Overall  Rates  (a) 

0/49  (0%) 

1/50  (2%) 

2/50(4%) 

19/50(38%) 

Adjusted  Rates  (b) 

0.0% 

2.7% 

5.7% 

51.9% 

Terminal  Rates  (c) 

0/18(0%) 

0/32  (0%) 

1/32(3%) 

6/21  (29%) 

Day  of  First  Observation 

687 

702 

522 

Life  Table  Tests  (d) 

PC0.001 

P = 0.570 

P = 0.364 

PC0.001 

Logistic  Regression  Tests  (d) 

P<0.001 

P = 0.523 

P = 0.293 

PC0.001 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

PC0.001 

P = 0.505 

P = 0.253 

PC0.001 

Spleen:  Osteosarcoma 

Overall  Rates  (a) 

0/49(0%) 

0/50  (0%) 

1/50(2%) 

19/50(38%) 

Adjusted  Rates  (b) 

0.0% 

0.0% 

3.1% 

62.8% 

Terminal  Rates  (c) 

0/18(0%) 

0/32  (0%) 

1/32(3%) 

11/21(52%) 

Day  of  First  Observation 

729 

494 

Life  Table  Tests  (d) 

P<0.001 

(D 

P = 0.615 

PC0.001 

Logistic  Regression  Tests  (d) 

P<0.001 

(f) 

P = 0.615 

PC0.001 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P<0.001 

(O 

P = 0.505 

PC0.001 

Spleen:  Fibrosarcoma  or  Osteosarcoma 

i.4  1 

Overall  Rates  (a) 

0/49(0%) 

1/50(2%) 

3/50(6%) 

36/50(72%) 

*i" ! 

Adjusted  Rates  (b) 

0.0% 

2.7% 

8.7% 

87.1% 

r 

Terminal  Rates  (c) 

0/18(0%) 

0/32  (0%) 

2/32(6%) 

16/21  (76%) 

Hii 

Week  of  First  Observation 

687 

702 

494 

j • 

Life  Table  Tests  (d) 

PC0.001 

P = 0.570 

P = 0.236 

P<0.001 

t ! 

Incidental  Tumor  Tests  (d) 

P<0.001 

P = 0.485 

P = 0.140 

PC0.001 

dl*  1 

Cochran-Armitage  Trend  Test  (d) 

Hi  1*4  1 
•11*  ' 

Fisher  Exact  Test  (d) 

P<0.001 

P = 0.505 

P = 0.125 

P<  0.001 

Jtf  » 

Spleen:  Fibrosarcoma,  Osteosarcoma,  or  Hemangiosarcoma 

li|  HI 

Overall  Rates  (a) 

0/49(0%) 

1/50  (2%) 

3/50(6%) 

38/50(76%) 

Mhi  1 

Adjusted  Rates  (b) 

0.0% 

2.7% 

8.7% 

87.9% 

mu 

Terminal  Rates  (c) 

0/18(0%) 

0/32  (0%) 

2/32(6%) 

16/21  (76%) 

m»»  1 
Hi!' 

Week  of  First  Observation 

687 

702 

494 

Life  Table  Tests  (d) 

PC0.001 

P = 0.570 

P = 0.236 

PC0.001 

Incidental  Tumor  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

PC0.001 

P = 0.485 

P = 0.140 

P<0.001 

Fisher  Exact  Test  (d) 

PcO.001 

P = 0.505 

P = 0.125 

P<0.001 

Testis:  Interstitial  Cell  Adenoma 

Overall  Rates  (a) 

36/49  (73%) 

44/46  (96%) 

44/50  (88%) 

46/50(92%) 

Adjusted  Rates  (b) 

94.4% 

100% 

100.0% 

100.0% 

Terminal  Rates  (c) 

16/18(89%) 

30/30(100%) 

32/32(100%) 

21/21  (100%) 

Day  of  First  Observation 

466 

556 

476 

415 

Life  Table  Tests  (d) 

P = 0.064 

P = 0.096N 

P = 0.064N 

P = 0.376 

Logistic  Regression  Tests  (d) 

P = 0.082 

P = 0.059 

P = 0.084 

P = 0.048 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.073 

P = 0.003 

P = 0.056 

P = 0.014 
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TABLE  A3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control  2 mg/kg 

6 mg/kg 

18  mg/kg 

Thyroid  Gland:  C-Cell  Adenoma 

Overall  Rates  (a) 

9/48(19%) 

(e)  2/8  (25%) 

(e)  0/10(0%) 

9/45(20%) 

Adjusted  Rates  (b) 

43.5% 

36.1% 

Terminal  Rates  (c) 

7/18(39%) 

6/21  (29%) 

Day  of  First  Observation 

554 

686 

Life  Table  Test(d) 

P = 0.440N 

Logistic  Regression  Test  (d) 

P = 0.507N 

Fisher  Exact  Test  (d) 

P = 0.543 

Thyroid  Gland:  C-Cell  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

10/48(21%) 

(e)  3/8  (38%) 

(e)  0/10(0%) 

9/45(20%) 

Adjusted  Rates  (b) 

45.0% 

36.1% 

Terminal  Rates  (c) 

7/18(39%) 

6/21  (29%) 

Day  of  First  Observation 

554 

686 

Life  Table  Test  (d) 

P = 0.341N 

Logistic  Regression  Test  (d) 

P = 0.422N 

Fisher  Exact  Test  (d) 

P = 0.563N 

Circulatory  System:  Hemangiosarcoma 

Overall  Rates  (a) 

0/49  (0%) 

0/50  (0%) 

0/50  (0%) 

4/50(8%) 

Adjusted  Rates  (b) 

0.0% 

0.0% 

0.0% 

12.0% 

Terminal  Rates  (c) 

0/18  (0%) 

0/32  (0%) 

0/32(0%) 

0/21  (0%) 

Day  of  First  Observation 

618 

Life  Table  Tests  (d) 

P = 0.002 

(f) 

<f> 

P = 0.095 

Logistic  Regression  Tests  (d) 

P = 0.002 

(f) 

(f> 

P = 0.068 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.002 

(f) 

(f) 

P = 0.061 

Hematopoietic  System:  Mononuclear  Leukemia 

Overall  Rates  (a) 

21/49  (43%) 

3/50  (6%) 

2/50  (4%) 

3/50(6%) 

Adjusted  Rates  (b) 

59.7% 

8.7% 

5.2% 

9.8% 

Terminal  Rates  (c) 

5/18(28%) 

2/32  (6%) 

1/32  (3%) 

1/21  (5%) 

Day  of  First  Observation 

466 

674 

498 

615 

Life  Table  Tests  (d) 

P = 0.001N 

P<0.001N 

P<0.001N 

P<  0.00  IN 

Logistic  Regression  Tests  (d) 

P<0.001N 

P<0.001N 

PC0.001N 

P<0.001N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

PC0.001N 

P<0.001N 

P<0.001N 

P<0.001N 

All  Sites:  Malignant  Mesothelioma 

Overall  Rates  (a) 

1/49  (2%) 

3/50  (6%) 

1/50  (2%) 

2/50  (4%) 

Adjusted  Rates  (b) 

3.0% 

8.0% 

2.9% 

7.1% 

Terminal  Rates  (c) 

0/18(0%) 

1/32  (3%) 

0/32  (0%) 

1/21  (5%) 

Day  of  First  Observation 

639 

651 

716 

624 

Life  Table  Tests  (d) 

P = 0.570 

P = 0.478 

P = 0.679N 

P = 0.543 

Logistic  Regression  Tests  (d) 

P = 0.587 

P = 0.333 

P = 0.749N 

P = 0.512 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.581 

P = 0.316 

P = 0.747N 

P = 0.508 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  at  the  site;  doses  calculated  as  p-chloroaniline. 

(b ) Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  at  terminal  kill 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  logistic  regres- 
sion test  regards  these  lesions  as  nonfatal.  The  Cochran-Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  lower  incidence  in  a dosed  group  is  indicated  by  (N). 

(e)  Incomplete  sampling  of  tissues 

(f)  No  P value  is  reported  because  no  tumors  were  observed  in  the  dosed  and  vehicle  control  groups. 

(g)  A carcinoma  was  observed  in  a 12th  animal. 
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TABLE  A4a.  HISTORICAL  INCIDENCE  OF  SPLENIC  CONNECTIVE  TISSUE  TUMORS  IN  MALE  F344/N 

RATS  (a) 


Study  Incidence  in  Controls 


Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls  (b) 


Iodinated  glycerol 

0/50 

Malonaldehyde,  sodium  salt 

0/50 

Chlorpheniramine  maleate 

0/49 

Tetrakisl  hydro  xymethyDphosphonium  chloride 

0/50 

TetrakisihydroxymethyDphosphonium  sulfate 

0/49 

Methyl  carbamate 

(c)  1/50 

TOTAL 

1/298(0.3%) 

SD  (d) 

0.82% 

Range  (e) 

High 

1/50 

Low 

0/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

(f)  8/1 ,906  (0.4%) 

SD  (d) 

0.84% 

Range  (e) 

High 

1/45 

Low 

0/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Fibrosarcoma 

(d)  Standard  deviation 

<e)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(f)  Sarcoma,  NOS;  no  fibrosarcomas,  osteosarcomas,  or  benign  tumors  have  been  observed. 
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TABLE  A4b.  HISTORICAL  INCIDENCE  OF  CIRCULATORY  SYSTEM  TUMORS  IN  MALE  F344/N  RATS  (a) 


Incidence  of  Hemangiomas  or 
Study  Hemangiosarcomas  in  Controls 


Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls  (b) 


Iodinated  glycerol 

0/50 

Malonaldehyde,  sodium  salt 

0/50 

Chlorpheniramine  maleate 

(c)  2/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

0/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

0/50 

Methyl  carbamate 

0/50 

TOTAL 

2/300(0.7%) 

SD(d) 

1.63% 

Range  (e) 

High 

2/50 

Low 

0/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

(f)  12/1,936  (0.6%) 

SD  (d) 

1.23% 

Range (e) 

High 

2/50 

Low 

0/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Hemangiomas 

(d)  Standard  deviation 

(e)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(f)  Includes  two  hemangiomas 
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TABLE  A4c.  HISTORICAL  INCIDENCE  OF  ADRENAL  MEDULLARY  TUMORS  IN  MALE  F344/N  RATS  (a) 


Study 

Incidence  in  Controls 

Pheochromocytoma 

Malignant 

Pheochromocytoma 

Pheochromocytoma 
or  Malignant 
Pheochromocytoma 

Historical  Incidence  for  All  Water  Gavage 

Vehicle  Controls  (b) 

Iodinated  glycerol 

23/50 

5/50 

28/50 

Malonaldehyde,  sodium  salt 

5/50 

0/50 

5/50 

Chlorpheniramine  maleate 

21/49 

0/49 

21/49 

Tetrakis(  hydroxymethyDphosphonium  chloride 

19/50 

0/50 

19/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

22/50 

1/50 

23/50 

Methyl  carbamate 

23/50 

4/50 

25/50 

TOTAL 

113/299(37.8%) 

10/299(3.3%) 

121/299(40.5%) 

SD  (c) 

13.94% 

4.50% 

16.14% 

Range (d) 

High 

23/50 

5/50 

28/50 

Low 

5/50 

0/50 

5/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

459/1,915(24.0%) 

37/1,915(1.9%) 

489/1,915(25.5%) 

SD  (c) 

13.30% 

2.70% 

13.65% 

Range (d) 

High 

31/49 

6/50 

32/49 

Low 

2/50 

0/50 

3/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  A4d.  HISTORICAL  INCIDENCE  OF  TESTICULAR  INTERSTITIAL  CELL  TUMORS  IN  MALE 

F344/N  RATS  (a) 


Study 

Incidence  in  Controls 

Historical  Incidence  for  AH  Water  Gavage  Vehicle  Controls  (b) 

Iodinated  glycerol 

46/50 

Malonaldehyde,  sodium  salt 

40/50 

Chlorpheniramine  maleate 

44/49 

Tetrakis(hydroxymethyl)phosphonium  chloride 

44/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

40/50 

Methyl  carbamate 

43/50 

TOTAL 

257/299(86.0%) 

SD  (c) 

5.03% 

Range (d) 

High 

46/50 

Low 

40/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

1,677/1,910(87.8%) 

SD  (c) 

7.70% 

Range (d) 

High 

49/50 

Low 

32/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  A4e.  HISTORICAL  INCIDENCE  OF  LEUKEMIA  IN  MALE  F344/N  RATS  (a) 


Study 

Incidence  in  Controls 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls  (b) 

Iodinated  glycerol 

16/50 

Malonaldehyde,  sodium  salt 

7/50 

Chlorpheniramine  maleate 

25/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

19/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

30/50 

Methyl  carbamate 

23/50 

TOTAL 

120/300(40.0%) 

SD  (c) 

16.00% 

Range (d) 

High 

30/50 

Low 

7/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

636/1,936(32.9%) 

SD  (c) 

14.62% 

Range  (d) 

High 

36/50 

Low 

5/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  A4f.  HISTORICAL  INCIDENCE  OE  ANTERIOR  PITUITARY  GLAND  TUMORS  IN  MALE  F344/N 

RATS  (a) 


Study 

Incidence  in  Controls 

Adenoma 

Carcinoma 

Adenoma  or  Carcinoma 

Historical  Incidence  All  Water  Gavage  Vehicle  Controls  (b) 

Iodinated  glycerol 

25/48 

1/48 

26/48 

Malonaldehyde,  sodium  salt 

20/47 

0/47 

20/47 

Chlorpheniramine  maleate 

12/50 

0/50 

12/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

17/50 

1/50 

18/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

21/50 

0/50 

21/50 

Methyl  carbamate 

26/50 

3/50 

29/50 

TOTAL 

121/295(41.0%) 

5/295(1.7%) 

126/295(42.7%) 

SD  (c) 

10.82% 

2.34% 

12.33% 

Range  (d) 

High 

25/48 

3/50 

29/50 

Low 

12/50 

0/50 

12/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL  (e)  417/1,830  (22.8%) 

(f)  42/1,830(2.3%) 

(e,D  459/1,830  (25.1%) 

SD(c) 

10.75% 

2.85% 

10.32% 

Range (d) 

High 

24/46 

5/45 

25/46 

Low 

2/39 

0/50 

2/39 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Includes  32  chromophobe  adenomas  and  1 acidophil  adenoma 

(f)  Includes  seven  chromophobe  carcinomas  and  one  adenocarcinoma,  NOS 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

49 

50 

50 

50 

ALIMENTARY  SYSTEM 

Esophagus 

(49) 

(5) 

(13) 

(50) 

Foreign  body 

1 (2%) 

2 (15%) 

1 (2%) 

Inflammation,  necrotizing 

1 (20%) 

2 (15%) 

1 (2%) 

Intestine  large,  cecum 

(46) 

(5) 

(6) 

(44) 

Dilatation 

1 (2%) 

Inflammation,  chronic  active 

1 (2%) 

Parasite  metazoan 

1 (2%) 

Intestine  large,  colon 

(46) 

(5) 

(9) 

(45) 

Parasite  metazoan 

1 (2%) 

2 (4%) 

Intestine  large,  rectum 

(47) 

(5) 

(8) 

(44) 

Inflammation,  chronic  active 

2 (4%) 

Parasite  metazoan 

2 (4%) 

1 (13%) 

4 (9%) 

Intestine  small,  ileum 

(46) 

(5) 

(6) 

(39) 

Dilatation 

1 (3%) 

Inflammation,  chronic  active 

1 (3%) 

Intestine  small,  jejunum 

(46) 

(6) 

(8) 

(41) 

Dilatation 

1 (2%) 

Metaplasia,  osseous 

1 (17%) 

1 (13%) 

Necrosis 

1 (17%) 

Liver 

(49) 

(50) 

(49) 

(49) 

Angiectasis 

1 (2%) 

2 (4%) 

Basophilic  focus 

14  (29%) 

23  (46%) 

31  (63%) 

21  (43%) 

Clear  cell  focus 

2 (4%) 

Degeneration,  cystic 

10  (20%) 

16  (32%) 

10  (20%) 

12  (24%) 

Eosinophilic  focus 

3 (6%) 

1 (2%) 

2 (4%) 

Hematopoietic  cell  proliferation 

1 (2%) 

1 (2%) 

Hepatodiaphragmatic  nodule 

3 (6%) 

8 (16%) 

2 (4%) 

2 (4%) 

Inflammation,  chronic 

8 (16%) 

15  (30%) 

19  (39%) 

9 (18%) 

Inflammation,  necrotizing 

4 (8%) 

2 (4%) 

5 (10%) 

4 (8%) 

Necrosis,  coagulative 

6 (12%) 

4 (8%) 

3 (6%) 

9 (18%) 

Pigmentation,  hemosiderin 

1 (2%) 

26  (53%) 

Vacuolization  cytoplasmic 

6 (12%) 

4 (8%) 

9 (18%) 

1 (2%) 

Bile  duct,  hyperplasia 

41  (84%) 

45  (90%) 

43  (88%) 

47  (96%) 

Mesentery 

(47) 

(11) 

(11) 

(48) 

Ectopic  tissue 

1 (2%) 

Inflammation,  chronic 

6 (13%) 

6 (55%) 

2 (18%) 

5 (10%) 

Necrosis 

3 (6%) 

4 (36%) 

Pigmentation,  hemosiderin 

1 (9%) 

1 (2%) 

Pancreas 

(48) 

(8) 

(14) 

(47) 

Inflammation,  chronic 

1 (2%) 

Pigmentation,  hemosiderin 

1 (13%) 

1 (7%) 

Acinus,  atrophy 

18  (38%) 

3 (38%) 

3 (21%) 

13  (28%) 

Acinus,  hyperplasia 

1 (7%) 

1 (2%) 

Duct,  ectasia 

1 (2%) 

1 (13%) 

Salivary  glands 

(49) 

(6) 

(11) 

(49) 

Granuloma 

1 (2%) 

Stomach,  forestomach 

(47) 

(6) 

(11) 

(46) 

Acanthosis 

1 (2%) 

1 (9%) 

1 (2%) 

Hyperkeratosis 

1 (2%) 

1 (9%) 

1 (2%) 

Inflammation,  chronic  active 

2 (4%) 

2 (18%) 

Inflammation,  necrotizing 

1 (17%) 

Stomach,  glandular 

(48) 

(6) 

(11) 

(45) 

Inflammation,  chronic  active 

1 (2%) 

1 (9%) 

Mineralization 

1 (2%) 

Necrosis,  coagulative 

1 (2%) 

2 (33%) 

4 (9%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

ALIMENTARY  SYSTEM  (Continued) 

Tongue 

(2) 

(1) 

(1) 

Foreign  body 

2 (100%) 

1 (100%) 

Inflammation,  chronic  active 

2 (100%) 

1 (100%) 

1 (100%) 

Tooth 

(49) 

(5) 

(10) 

(49) 

Peridontal  tissue,  foreign  body 

1 (2%) 

Peridontal  tissue,  inflammation,  chronic 

active 

2 (4%) 

2 (4%) 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

(49) 

(8) 

(12) 

(50) 

Mesenteric  artery,  inflammation,  chronic  active 

1 (2%) 

Mesenteric  artery,  necrosis,  fibrinoid 

1 (2%) 

Mesenteric  artery,  intima,  proliferation 

1 (2%) 

Pulmonary  artery,  thrombus 

1 (13%) 

Heart 

(49) 

(18) 

(23) 

(50) 

Cardiomyopathy,  chronic 

44  (90%) 

15  (83%) 

22  (96%) 

42  (84%) 

Mineralization 

1 (2%) 

Atrium,  thrombus 

5 (10%) 

1 (6%) 

8 (16%) 

Endocardium,  proliferation 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(49) 

(49) 

(49) 

(49) 

Degeneration,  fatty 

10  (20%) 

10  (20%) 

10  (20%) 

16  (33%) 

Hematocyst 

1 (2%) 

Hematopoietic  cell  proliferation 

1 (2%) 

Hyperplasia 

17  (35%) 

13  (27%) 

19  (39%) 

17  (35%) 

Hypertrophy 

1 (2%) 

1 (2%) 

Necrosis,  coagulative 

2 (4%) 

1 (2%) 

1 (2%) 

Adrenal  gland,  medulla 

(49) 

(48) 

(48) 

(48) 

Cyst 

1 (2%) 

Hematopoietic  cell  proliferation 

1 (2%) 

Hyperplasia 

15  (31%) 

21  (44%) 

15  (31%) 

17  (35%) 

Mineralization 

1 (2%) 

Islets,  pancreatic 

(48) 

(4) 

(10) 

(46) 

Degeneration 

1 (2%) 

Parathyroid  gland 

(48) 

(7) 

(10) 

(45) 

Hyperplasia 

1 (14%) 

Pituitary  gland 

(47) 

(18) 

(19) 

(46) 

Craniopharyngeal  duct,  cyst 

1 (2%) 

Pars  distalis,  angiectasis 

1 (6%) 

1 (5%) 

Pars  distalis,  cyst 

3 (6%) 

1 (2%) 

Pars  distalis,  hemorrhage,  acute 

1 (5%) 

Pars  distalis,  hyperplasia 

11  (23%) 

2 (11%) 

2 (11%) 

13  (28%) 

Pars  distalis,  pigmentation,  hemosiderin 

1 (6%) 

Pars  intermedia,  angiectasis 

1 (6%) 

Thyroid  gland 

(48) 

(8) 

(10) 

(45) 

Inflammation,  necrotizing 

1 (2%) 

Ultimobranchial  cyst 

1 (2%) 

C-cell,  hyperplasia 

19  (40%) 

4 (50%) 

4 (40%) 

24  (53%) 

Follicular  cell,  hyperplasia 

2 (4%) 

GENERAL  BODY  SYSTEM 

None 
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TABLE  A5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

GENITAL  SYSTEM 

Epididymis 

(49) 

(20) 

(26) 

(50) 

Atrophy,  diffuse 

1 (2%) 

Penis 

(1) 

Concretion 

1 (100%) 

Preputial  gland 

(46) 

(12) 

(15) 

(48) 

Hyperplasia 

2 (4%) 

1 (7%) 

3 (6%) 

Inflammation,  chronic  active 

45  (98%) 

6 (50%) 

7 (47%) 

43  (90%) 

Prostate 

(49) 

(6) 

(13) 

(48) 

Abscess 

1 (2%) 

Inflammation,  chronic  active 

32  (65%) 

4 (67%) 

11  (85%) 

29  (60%) 

Seminal  vesicle 

(36) 

(3) 

(5) 

(23) 

Inflammation,  chronic  active 

3 (8%) 

Testes 

(49) 

(46) 

(50) 

(50) 

Interstitial  cell,  hyperplasia 

26  (53%) 

29  (63%) 

23  (46%) 

25  (50%) 

Seminiferous  tubule,  atrophy 

33  (67%) 

44  (96%) 

39  (78%) 

46  (92%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(44) 

(45) 

(39) 

(31) 

Leukocytosis 

1 (2%) 

Neutrophilia 

2 (4%) 

1 (3%) 

6 (19%) 

Bone  marrow 

(49) 

(50) 

(49) 

(50) 

Hyperplasia 

1 (2%) 

2 (4%) 

Thrombus 

1 (2%) 

Femoral,  hyperplasia 

26  (53%) 

36  (72%) 

35  (71%) 

46  (92%) 

Femoral,  hyperplasia,  reticulum  cell 

3 (6%) 

Femoral,  myelofibrosis 

1 (2%) 

Lymph  node 

(49) 

(16) 

(15) 

(49) 

Mediastinal,  cyst 

2 (4%) 

Mediastinal,  edema 

1 (2%) 

Mediastinal,  hemorrhage,  acute 

1 (2%) 

Mediastinal,  hyperplasia,  plasma  cell 

1 (6%) 

Mediastinal,  infiltration  cellular,  mast  cell 

1 (7%) 

1 (2%) 

Mediastinal,  infiltration  cellular,  histiocytic 

1 (2%) 

Mediastinal,  pigmentation,  hemosiderin 

2 (4%) 

Pancreatic,  ectopic  tissue 

1 (2%) 

Pancreatic,  infiltration  cellular,  histiocytic 

2 (4%) 

Pancreatic,  pigmentation,  hemosiderin 

2 (4%) 

Renal,  cyst 

1 (6%) 

1 (2%) 

Lymph  node,  mandibular 

(48) 

(7) 

(12) 

(48) 

Cyst 

4 (8%) 

4 (8%) 

Ectasia 

1 (14%) 

1 (8%) 

Lymph  node,  mesenteric 

(10) 

(5) 

(2) 

(10) 

Cyst 

2 (20%) 

2 (40%) 

1 (50%) 

2 (20%) 

Ectasia 

1 (50%) 

Fibrosis 

1 (20%) 

Infiltration  cellular,  histiocytic 

1 (20%) 

1 (10%) 

Pigmentation,  hemosiderin 

1 (10%) 

Spleen 

(49) 

(50) 

(50) 

(50) 

Cyst 

1 (2%) 

Fibrosis 

3 (6%) 

11  (22%) 

12  (24%) 

41  (82%) 

Granuloma 

1 (2%) 

Hematopoietic  cell  proliferation 

31  (63%) 

48  (96%) 

42  (84%) 

26  (52%) 

Infarct,  acute 

1 (2%) 

1 (2%) 

Infiltration  cellular,  lipocyte 

24  (48%) 

Pigmentation,  hemosiderin 

37  (76%) 

39  (78%) 

48  (96%) 

21  (42%) 

Sinusoid,  ectasia 

1 (2%) 

Thymus 

(43) 

(5) 

(13) 

(36) 

Cyst 

1 (2%) 

1 (3%) 

Inflammation,  chronic  active 

1 (3%) 
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TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(32) 

(6) 

(13) 

(36) 

Hyperplasia,  cystic 

25  (78%) 

6 (100%) 

10  (77%) 

29  (81%) 

Skin 

(47) 

(18) 

(19) 

(49) 

Inflammation,  chronic  active 

1 (2%) 

1 (5%) 

Inflammation,  necrotizing 

1 (6%) 

Inflammation,  suppurative 

1 (6%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(48) 

(50) 

(49) 

(50) 

Femur,  fibrous  osteodystrophy 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(49) 

(5) 

(10) 

(50) 

Compression 

4 (8%) 

2 (20%) 

1 (2%) 

Hemorrhage,  acute 

1 (2%) 

1 (10%) 

Hydrocephalus 

5 (10%) 

1 (20%) 

1 (10%) 

2 (4%) 

Infarct,  chronic 

1 (2%) 

Mineralization 

1 (2%) 

Spinal  cord 

(4) 

(2) 

(1) 

Degeneration 

1 (25%) 

RESPIRATORY  SYSTEM 

Lung 

(49) 

(7) 

(11) 

(50) 

Granuloma 

1 (2%) 

Hemorrhage,  acute 

3 (6%) 

Inflammation,  chronic 

2 (4%) 

1 (14%) 

4 (8%) 

Inflammation,  suppurative 

2 (4%) 

Pigmentation,  hemosiderin 

1 (2%) 

Alveolar  epithelium,  hyperplasia 

3 (6%) 

2 (4%) 

Mediastinum,  inflammation,  chronic  active 

1 (14%) 

1 (2%) 

Nose 

(48) 

(5) 

(10) 

(46) 

Inflammation,  chronic  active 

6 (13%) 

8 (17%) 

Inflammation,  suppurative 

1 (20%) 

1 (2%) 

Nasolacrimal  duct,  inflammation,  chronic  active 

1 (2%) 

Nasolacrimal  duct,  inflammation,  suppurative  4 (8%) 

1 (10%) 

3 (7%) 

Septum,  thrombus,  multiple 

1 (2%) 

Trachea 

(49) 

(5) 

(13) 

(49) 

Inflammation,  necrotizing 

2 (15%) 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(7) 

(11) 

(13) 

(14) 

Hemorrhage,  acute 

1 (9%) 

Inflammation,  chronic 

1 (7%) 

Cornea,  inflammation,  chronic  active 

1 (9%) 

Lens,  cataract 

4 (57%) 

11  (100%) 

12  (92%) 

13  (93%) 

Retina,  atrophy 

5 (71%) 

11  (100%) 

13  (100%) 

13  (93%) 

Harderian  gland 

(46) 

(4) 

(9) 

(43) 

Inflammation,  chronic 

3 (7%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

URINARY  SYSTEM 

Kidney 

(48) 

(50) 

(49) 

(50) 

Inflammation,  hemorrhagic 

l (2%) 

Nephropathy,  chronic 

46  (96%) 

50  (100%) 

48  (98%) 

46  (92%) 

Renal  tubule,  degeneration 

l (2%) 

Renal  tubule,  pigmentation,  hemosiderin 

47  (98%) 

49  (98%) 

47  (96%) 

50  (100%) 

Urethra 

(21) 

(3) 

(1) 

(11) 

Inflammation,  hemorrhagic 

1 (33%) 

Transitional  epithelium,  hyperplasia 

1 (100%) 

Urinary  bladder 

(47) 

(7) 

(12) 

(46) 

Dilatation 

1 (14%) 

1 (2%) 

Hemorrhage,  acute 

1 (2%) 

Inflammation,  chronic  active 

2 (4%) 

Inflammation,  hemorrhagic 

1 (14%) 

Transitional  epithelium,  hyperplasia 

1 (2%) 
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TABLE  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE 


W|  MU’ I 

I 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

50 

ALIMENTARY  SYSTEM 

Intestine  large, cecum 

(40) 

*(50) 

*(50) 

(46) 

Leukemia  mononuclear 

1 (2%) 

Intestine  large,  colon 

(47) 

*(50) 

*(50) 

(46) 

Leukemia  mononuclear 

1 (2%) 

Intestine  small,  duodenum 

(49) 

*(50) 

*(50) 

(48) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

Intestine  small,  ileum 

(40) 

*(50) 

*(50) 

(45) 

Leukemia  mononuclear 

1 (2%) 

Liver 

(50) 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

10  (20%) 

2 (4%) 

1 (2%) 

1 (2%) 

Neoplastic  nodule 

1 (2%) 

1 (2%) 

Sarcoma,  metastatic,  skin 

1 (2%) 

Artery,  adenocarcinoma,  metastatic,  uterus  1 (2%) 

Mesentery 

*(50) 

*(50) 

*(50) 

*(50) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

5 (10%) 

2 (4%) 

Lipoma 

1 (2%) 

Pancreas 

(50) 

*(50) 

*(50) 

(49) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

2 (4%) 

1 (2%) 

Salivary  glands 

(50) 

*(50) 

*(50) 

(49) 

Carcinoma,  metastatic,  Zymbal  gland 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Stomach,  forestomach 

(50) 

*(50) 

*(50) 

(48) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

Stomach,  glandular 

(50) 

*(50) 

*(50) 

(48) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

Tongue 

*(50) 

*(50) 

*(50) 

*(50) 

Papilloma  squamous 

2 (4%) 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

*(50) 

*(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

(50) 

Adenoma 

1 (2%) 

Leukemia  mononuclear 

4 (8%) 

1 (2%) 

1 (2%) 

1 

(2%) 

Capsule,  adenocarcinoma,  metastatic 

.uterus  1 (2%) 

Adrenal  gland,  medulla 

(50) 

(50) 

(50) 

(50) 

Leukemia  mononuclear 

4 (8%) 

1 (2%) 

1 (2%) 

1 

(2%) 

Pheochromocytoma  benign 

2 (4%) 

3 (6%) 

1 (2%) 

6 

(12%) 

Islets,  pancreatic 

(50) 

*(50) 

*(50) 

(48) 

Adenoma 

1 (2%) 

1 

(2%) 

Leukemia  mononuclear 

1 (2%) 

Pituitary  gland 

(50) 

*(50) 

*(50) 

(50) 

Leukemia  mononuclear 

1 (2%) 

Pars  distalis,  adenoma 

20  (40%) 

13  (26%) 

17  (34%) 

20 

(40%) 

Pars  distalis,  adenoma,  multiple 

1 (2%) 

3 

(6%) 

Pars  distalis,  carcinoma 

1 

(2%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

ENDOCRINE  SYSTEM  (Continued) 

Thyroid  gland 

(49) 

*(50) 

*(50) 

(48) 

Leukemia  mononuclear 

1 (2%) 

Bilateral,  C-cell,  adenoma 

1 (2%) 

C-cell,  adenoma 

4 (8%) 

1 (2%) 

5 (10%) 

C-cell,  carcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Follicular  cell,  adenoma 

1 (2%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 

(45) 

*(50) 

*(50) 

(48) 

Adenoma 

1 (2%) 

1 (2%) 

1 (2%) 

4 (8%) 

Leukemia  mononuclear 

1 (2%) 

Ovary 

(50) 

*(50) 

*(50) 

(49) 

Granulosa-theca  tumor  benign 

2 (4%) 

Leukemia  mononuclear 

3 (6%) 

1 (2%) 

Bilateral,  adenocarcinoma,  metastatic. 

uterus 

1 (2%) 

Uterus 

(50) 

*(50) 

*(50) 

(50) 

Adenocarcinoma 

1 (2%) 

1 (2%) 

1 (2%) 

Fibroma 

1 (2%) 

Leukemia  mononuclear 

2 (4%) 

Polyp  stromal 

4 (8%) 

6 (12%) 

7 (14%) 

6 (12%) 

Polyp  stromal,  multiple 

1 (2%) 

Vagina 

*(50) 

*(50) 

*(50) 

*(50) 

Polyp 

1 (2%) 

HEMATOPOIETIC  SYSTEM 

Blood 

*(50) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

4 (8%) 

2 (4%) 

1 (2%) 

Bone  marrow 

(50) 

(48) 

(50) 

(47) 

Femoral,  leukemia  mononuclear 

2 (4%) 

1 (2%) 

1 (2%) 

Lymph  node 

(50) 

*(50) 

*(50) 

(50) 

Inguinal,  leukemia  mononuclear 

I (2%) 

Mediastinal,  adenocarcinoma,  metastatic. 

uterus 

1 (2%) 

1 (2%) 

Mediastinal,  leukemia  mononuclear 

7 (14%) 

1 (2%) 

Mediastinal,  sarcoma,  metastatic  skin 

1 (2%) 

Renal,  leukemia  mononuclear 

1 (2%) 

Lymph  node,  mandibular 

(49) 

*(50) 

*(50) 

(49) 

Leukemia  mononuclear 

5 (10%) 

1 (2%) 

Lymph  node,  mesenteric 

(7) 

*(50) 

*(50) 

(9) 

Leukemia  mononuclear 

2 (29%) 

2 (4%) 

Spleen 

(50) 

(50) 

(50) 

(50) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

1 (2%) 

Fibrosarcoma 

1 (2%) 

Leukemia  mononuclear 

10  (20%) 

2 (4%) 

1 (2%) 

1 (2%) 

Osteosarcoma 

1 (2%) 

Thymus 

(42) 

*(50) 

*(50) 

(44) 

Leukemia  mononuclear 

2 (5%) 

2 (4%) 
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TABLE  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(49) 

*(50) 

*(50) 

(50) 

Adenoma 

1 (2%) 

1 (2%) 

3 (6%) 

Fibroadenoma 

6 (12%) 

8 (16%) 

12  (24%) 

6 (12%) 

Fibroadenoma,  multiple 

2 (4%) 

2 (4%) 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Sarcoma,  metastatic,  skin 

1 (2%) 

Skin 

(50) 

*(50) 

*(50) 

(50) 

Basosquamous  tumor  benign 

1 (2%) 

Leukemia  mononuclear 

1 (2%) 

Subcutaneous  tissue,  fibroma 

2 (4%) 

2 (4%) 

2 (4%) 

Subcutaneous  tissue,  fibrosarcoma 

1 (2%) 

Subcutaneous  tissue,  neurofibroma 

1 (2%) 

Subcutaneous  tissue,  sarcoma 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle 

*(50) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

1 (2%) 

Sarcoma,  metastatic,  skin 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

*(50) 

*(50) 

(50) 

Astrocytoma  benign 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(49) 

*(50) 

*(50) 

(50) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

9 (18%) 

1 (2%) 

1 (2%) 

Sarcoma,  metastatic,  skin 

1 (2%) 

Nose 

(49) 

*(50) 

*(50) 

(49) 

Leukemia  mononuclear 

1 (2%) 

Osteosarcoma 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Zymbal  gland 

*(50) 

*(50) 

*(50) 

*(50) 

Carcinoma 

2 (4%) 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

(50) 

Adenocarcinoma,  metastatic,  uterus 

1 (2%) 

1 (2%) 

Leukemia  mononuclear 

6 (12%) 

1 (2%) 

1 (2%) 

Lipoma 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

*(50) 

*(50) 

*(50) 

*(50) 

Leukemia  mononuclear 

10  (20%) 

2 (4%) 

1 (2%) 

1 (2%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

50 

Terminal  sacrifice 

27 

39 

36 

37 

Dead 

15 

5 

11 

8 

Moribund 

8 

6 

3 

5 
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TABLE  Bl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

37 

30 

34 

40 

Total  primary  neoplasms 

63 

48 

46 

65 

Total  animals  with  benign  neoplasms 

32 

27 

31 

36 

Total  benign  neoplasms 

51 

42 

42 

59 

Total  animals  with  malignant  neoplasms 

10 

6 

4 

6 

Total  malignant  neoplasms 

12 

6 

4 

6 

Total  animals  with  secondary  neoplasms  ***  1 

1 

2 

Total  secondary  neoplasms 

11 

1 

11 

* Number  of  animals  receiving  complete  necropsy  examinations;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANIUNE  HYDROCHLORIDE:  VEHICLE  CONTROL 


"wmir 

STUDY 


CARCASS 

ID 


.ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Adenocarcinoma,  metastatic,  uterus 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Neoplastic  nodule 

Artery,  adenocarcinoma,  metastatic, 
uterus 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Pancreas 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Pharynx 
Salivary  glands 
Leukemia  mononuclear 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Tongue 

Paoilloma  squamous 
Too  tii 

CARDIOVASCULAR'  SYSTEM 

Blood  vessel 
Heart 

Leukemia  mononuclear 

ENKJCRJNETSYSTEH 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Capsule,  adenocarcinoma,  metastatic, 
uterus 

Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 

Leukemia  mononuclear 
Parathyroid  gland 
Pituitary  gland 
Leukemia  mononuclear 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Thyroid  gland 
Leukemia  mononuclear 
Bilateral,  c-cell,  adenoma 
C-cell,  adenoma 
C-cell,  carcinoma 

GENERAL" TODY  SYSTEM 

None 

GENITAL  SYSTEM 

C litoral  gland 
Adenoma 

Leukemia  mononudear 
Ovary 

Leukemia  mononuclear 
Bilateral,  adenocarcinoma,  metastatic, 
uterus 
Oviduct 
Uterus 

Adenocarcinoma 
Leukemia  mononuclear 
Polyp  stromai 
Polyp  stromal,  multiple 
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X 

Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X:  Incidence  of  listed  morphology 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY'  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Adenocarcinoma,  metastatic,  uterus 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Neoplastic  nodule 

Artery,  adenocarcinoma,  metastatic, 
uterus 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Pancreas 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Pharynx 
Salivary  glands 
Leukemia  mononuclear 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Tongue 

Papilloma  squamous 
Tooth 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

Heart 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Capsule,  adenocarcinoma,  metastatic, 
uterus 

Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 

Leukemia  mononuclear 
Parathyroid  gland 
Pituitary  gland 
Leukemia  mononuclear 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Thyroid  gland 
Leukemia  mononuclear 
Bilateral,  c-cell,  adenoma 
C-cell,  adenoma 
C-cell,  carcinoma 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 
Adenoma 

Leukemia  mononuclear 
Ovary 

Leukemia  mononuclear 
Bilateral,  adenocarcinoma,  metastatic, 
uterus 
Oviduct 
Uterus 

Adenocarcinoma 
Leukemia  mononuclear 
Polyp  stromal 
Polyp  stromal,  multiple 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  VEHICLE  CONTROL 

(Continued) 


-weeks-on- 

STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Leukemia  mononuclear 
Bone  marrow 

Femoral,  leukemia  mononuclear 
Lymph  node 

Inguinal,  leukemia  mononuclear 
Mediastinal,  adenocarcinoma, 
metastatic,  uterus 
Mediastinal,  leukemia  mononuclear 
Renal,  leukemia  mononuclear 
Lymph  node,  mandibular 
Leukemia  mononuclear 
Lymph  node,  mesenteric 
Leukemia  mononuclear 
Spleen 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Thymus 

Leukemia  mononuclear 

INTEGUMENT  ART  SYSTEM 

Mammary  gland 
Adenoma 
Fibroadenoma 
Fibroadenoma,  multiple 
Leukemia  mononuclear 
Skin 

Basosquamous  tumor  benign 
Leukemia  mononuclear 
Subcutaneous  tissue,  fibroma 

MUSCUEOSeEtETAL-SYSTEH 
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Skeletal  muscle 
Leukemia  mononuclear 

NERVOUS  SYSTEM 

Brain 

Astrocytoma  benign 
Peripheral  nerve 
Spinal  cord 

RESPIRATORY-SYSTEM 

Lung 

Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Nose 

Leukemia  mononuclear 
Trachea 

SPECIAL  SENSE5  SYSTEM 
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Harderian  gland 
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Adenocarcinoma,  metastatic,  uterus 
Leukemia  mononuclear 
Ureter 

Urinary  bladder 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE:  LOW  DOSE 


WEEKS  ON' 
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CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  Large,  cecum 
Leukemia  mononuclear 
Intestine  large,  colon 
Leukemia  mononuclear 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Leukemia  mononuclear 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Neoplastic  nodule 
Mesentery 

Leukemia  mononuclear 
Pancreas 

Leukemia  mononuclear 
Salivary  glands 

Carcinoma,  metastatic,  Zymbal  gland 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Leukemia  mononuclear 
Tooth 

CARDIOVASCULAR  SYSTEM 

Bloodvessel 

Heart 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM  

None 

GENITAL  SYSTEM’ 

Clitoral  gland 
Adenoma 
Ovary 

Granulosa-theca  tumor  benign 
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Uterus 
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Polyp  stromal 


~ir 

“5“ 

0 

0 

0 

i r 

~tT 

0 

~T~ 

i 

T 

T- 

T~ 

T~ 

l 

~T~ 

i 

T 

~T~ 

T 

T" 

T~ 

T~ 

l 

l 

2 

6 

8 

8 

8 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

7 

7 

9 

5 

9 

9 

3 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

e 

7 

b 

7 

7 

B 

B 

7 

B 

B 

7 

6 

B 

B 

B 

B 

B 

7 

7 

7 

7 

7 

7 

B 

B 

8 

3 

4 

1 

l 

5 

7 

2 

8 

5 

3 

4 

4 

5 

6 

7 

8 

0 

1 

1 

2 

3 

3 

5 

5 

3 

4 

4 

1 

4 

4 

4 

3 

4 

3 

3 

1 

2 

5 

1 

5 

2 

2 

2 

3 

1 

1 

5 

l 

2 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

M 

A 

+ 

4- 

4- 

X 

+ 

+ 

+ 

4- 

4- 

4- 

X 

M 

A 

4- 

4- 

4- 

-f 

+ 

4- 

4- 

4- 

M 

A 

4- 

4- 

4- 

M 

A 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

4- 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

4- 

4- 

4- 

4- 

4- 

X 

X 

+ 

+ 

4- 

4- 

4- 

4* 

X 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

X 

+ 

A 

4- 

4- 

4- 

X 

+ 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

+ 

+ 

4- 

4- 

4- 

+ 

M 

4- 

4- 

4- 

4* 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 

X 

X 

X 

+ 

+ 

4- 

4- 

4- 

4- 

M 

+ 

M 

4- 

M 

4- 

4* 

+ 

4- 

4- 

4- 

4- 

4- 

X 

+ 

4- 

4- 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

X 

X 

X 

X 

p-Chloroaniline  Hydrochloride,  NTP  TR  351 


150 


TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  LOW  DOSE 

(Continued) 


WEEKS  gn 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Leukemia  mononuclear 
Intestine  large,  colon 
Leukemia  mononuclear 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Leukemia  mononuclear 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Neoplastic  nodule 
Mesentery 

Leukemia  mononuclear 
Pancreas 

Leukemia  mononuclear 
Salivary  glands 

Carcinoma,  metastatic,  Zymbal  gland 
Stomach 

Stomach,  forestomach 
Leukemia  mononuclear 
Stomach,  glandular 
Leukemia  mononuclear 
Tooth 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 

Heart 

Leukemia  mononuclear 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Adenoma 

Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 
Adenoma 
Ovary 

Granulosa-theca  tumor  benign 
Leukemia  mononuclear 
Oviduct 
Uterus 

Adenocarcinoma 
Polyp  stromal 
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0000000000000000000000000 
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+ + + + +-  + + + + + + + + + + + + + + + 
X X 


+ + + + 
X 


+ + + 
X 


+ + + + + 
X X 


+ + + + 
X 


+ + 
X 


8 

7 

4 
1 
6 
1 
3 

5 
3 

3 
1 

5 
50 

2 

1 

7 
2 

6 

1 

8 
1 
5 
5 
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13 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  LOW  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Leukemia  mononuclear 
Bone  marrow 

Femoral,  leukemia  mononuclear 
Lymph  node 

Mediastinal,  leukemia  mononuclear 
Lymph  node,  mandibular 
Leukemia  mononuclear 
Lymph  node,  mesenteric 
Leukemia  mononuclear 
Spleen 

Leukemia  mononuclear 
Thymus 

Leukemia  mononuclear 

INTEGUMENTARY"  SYSTEM 

Mammary  gland 
Adenoma 
Fibroadenoma 
Fibroadenoma,  multiple 
Skin 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  neurofibroma 

MUSCULOSKELETAL'"' SYSTEM 

Bone 

Skeletal  muscle 


NERVOUS  SYSTEM 
Brain 

Peripheral  nerve 
Spinal  cord 


RESPIRATORY  SYSTEM 

Lung 

Leukemia  mononuclear 
Nose 
Trachea 


SPECIAL  "SENSES'SYSTEM- 

Eye 

Harderian  gland 
Zymbal  gland 
Carcinoma 


URINARY  "SYSTEM 

Kidney 

Leukemia  mononuclear 
Lipoma 
Ureter 

Urinary  bladder 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  LOW  DOSE 

(Continued) 


WEEKS  ON 

1 

i 

1 
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2 
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Subcutaneous  tissue,  fibroma 
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Brain 
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RESPIRATORY  SYSTEM 
Lung 

5 

Leukemia  mononuclear 

1 

Nose 

4 

Trachea 

+ 

8 

SPECIAL  SENSES  SYSTEM 
Eye 

4- 

+ 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

32 

Harderian  gland 

+ 

+ 

6 

Zymbal  gland 

2 

Carcinoma 

2 

URINARY  SYSTEM 
Kidney 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

50 

Leukemia  mononuclear 

1 

Lipoma 

X 

1 

Ureter 

4- 

4- 

4- 

4- 

12 

Urinary  bladder 

5 

153 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE:  MID  DOSE 
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STUDY 
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M 
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4- 

4- 
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4- 

4- 

4- 

4- 

ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Mesentery 
Lipoma 
Pancreas 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tongue 

Papilloma  squamous 
Tootn 


CARDIOVASCULAR  SYSTEM 

Blood  vessel 

Heart 


ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
C-cell,  adenoma 
C-cell,  carcinoma 


UENEKAI7 'BODY  SYSTEM 

None 


GENITAL-SYSTEM 
Clitoral  gland 
Adenoma 
Ovary 
Oviduct 
Uterus 
Polyp  stromal 


HEMATOPOIETIC  SYSTEM 

Blood 

Bone  marrow 

Femoral,  leukemia  mononuclear 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Spleen 

Fibrosarcoma 
Leukemia  mononuclear 
Thymus 


INTEGUMENT  ARY  SYSTEM 
Mammary  gland 
Fibroadenoma 
Fibroadenoma,  multiple 
Skin 


MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 


NERVOUS  SYSTEM 

Brain 

Spinal  cord 


RESPIRATORY  SYSTEM 

Lung 

Nose 

Osteosarcoma 

Trachea 


SPECIAL  SENSES'  SYSTEM 

Eye 

Harderian  gland 


URINARY  SYSTEM 

Kidney 

Leukemia  mononuclear 
Ureter 

Urinary  bladder 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  MID  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Mesentery 
Lipoma 
Pancreas 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tongue 

Papilloma  squamous 
Tooth 

CARDIOVASCULAR  SYSTEM 

Blood  vessel 
Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
C-cell,  adenoma 
C-cell,  carcinoma 

GENERAL'  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 
Adenoma 
Ovary 
Oviduct 
Uterus 
Polyp  stromal 

HEMATOPOIETIC  SYSTEM 

Blood 

Bone  marrow 

Femoral,  leukemia  mononuclear 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Spleen 

Fibrosarcoma 
Leukemia  mononuclear 
Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Fibroadenoma 
Fibroadenoma,  multiple 
Skin 

MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

NERVOUS"SYSTEM 

Brain 
Spinal  cord 

RESPIRATORY  SYSTEM 

Lung 

Nose 

Osteosarcoma 

Trachea 

SPECIAL  SEN5E5~SYSTEM 

Eye 

Harderian  gland 

URINARY  SYSTEM 

Kidney 

Leukemia  mononuclear 
Ureter 

Urinary  bladder 


t — i — i — i — i — i — i — i — i — i — i — i — i — i — i — n — i — i — i — i — i — i — i — r 
0000000000000000000000000 
5555555555555555555555555 


TS — 5 — 5 — 5 — 5 — 5 — 5 — B IT  '5 — 5 — 5" 

356677922455 
411513513424 


~5 — 5 — 5 — 5 — 6 8 6 6 — 5 — 5 5 — B — g“ 

6679012378913 
2341514322445 


TOTAL: 

TISSUES 

TUMORS 
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+ 
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+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 


+ + 
X X 


+ + 
X 


+ + 
X X 


+ + 
X 


+ + 

X 


+ + + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + + + -(- 

+ + + + 

+ 

+ 
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X 
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+ + + + 


12 

12 

3 

8 

6 

10 

8 

2 

2 

50 

1 

11 

1 

12 

12 

10 

9 

9 

1 

1 

10 


12 

10 


50 

50 

1 

50 

1 

1 

9 

9 

35 

17 

11 

1 

1 


11 

1 

15 

8 

20 

7 


37 

50 

1 

17 

14 

1 

50 

1 

1 

11 


22 

12 

1 

21 


49 

10 


10 

1 


11 

11 

1 

13 


31 

11 


50 

1 

11 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANIUNE  HYDROCHLORIDE:  HIGH  DOSE 


WEEK5T0N ” 

STUDY 


CARCASS 

ID 


ALIMENTARY’ SYSTEM 

Esophagus 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Sarcoma,  metastatic,  skin 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Pancreas 

Adenocarcinoma,  metastatic,  uterus 
Salivary  glands 
Stomacn 

Stomach,  forestomach 
Stomach,  glandular 
Tooth 

CARDIUVASCULAirSYSTEM 

Blood  vessel 
Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Pars  distalis,  carcinoma 
Thyroid  gland 
C-cell,  adenoma 
C-cell,  carcinoma 
Follicular  cell,  adenoma 

CENTRAL  'BODY  SYSTEM 

None 

GENITAL  SYSTEM 
Clitoral  gland 
Adenoma 
Ovary 
Oviduct 
Uterus 

Adenocarcinoma 
Fibroma 
Polyp  stromal 
Vagina 
Polyp 
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TABLE  B2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  RATS:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 

Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Leukemia  mononuclear 
Sarcoma,  metastatic,  skin 
Mesentery 

Adenocarcinoma,  metastatic,  uterus 
Pancreas 

Adenocarcinoma,  metastatic,  uterus 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR-SYSTEM 

Blood  vessel 
Heart 

ENDOCRINE'  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Leukemia  mononuclear 
Adrenal  gland,  medulla 
Leukemia  mononuclear 
Pheochromocytoma  benign 
Islets,  pancreatic 
Adenoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Pars  distalis,  adenoma,  multiple 
Pars  distalis,  carcinoma 
Thyroid  gland 
C-cell,  adenoma 
C-cell,  carcinoma 
Follicular  cell,  adenoma 
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+ 

+ 

+ 

+ 

+ 

+ 

4* 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Skeletal  muscle 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Sarcoma,  metastatic,  skin 

X 

NERVOUS  SYSTEM 

Brain 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

RESPIRATORY  SYSTEM 

Lung 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Adenocarcinoma,  metastatic,  uterus 

X 

Leukemia  mononuclear 

X 

X 

Sarcoma,  metastatic,  skin 

1 

Nose 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Trachea 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

SPECIAL  SENSES  SYSTEM 

Eye 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

3X 

Harderian  gland 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

M 

+ 

+ 

+ 

+ 

M 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

44 

URINARY  SYSTEM 

Kidney 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Adenocarcinoma,  metastatic,  uterus 

1 

Ureter 

+ 

+ 

+ 

4- 

4- 

9 

Urinary  bladder 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 
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TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  p-CHLORO ANILINE  HYDROCHLORIDE 


l 

Vehicle  Control  2 mg/kg 

0 mg/kg 

18  mg/kg 

Adrenal  Medulla:  Pheochromocytoma 

Overall  Rates  (a) 

2/50(4%) 

3/50(6%) 

1/50(2%) 

6/50(12%) 

Adjusted  Rates  (b) 

6.2% 

7.7% 

2.8% 

16.2% 

Terminal  Rates  (c) 

1/27  (4%) 

3/39(8%) 

1/36(3%) 

6/37(16%) 

Day  of  First  Observation 

557 

729 

729 

729 

Life  Table  Tests  (d) 

P = 0.091 

P = 0.650 

P = 0.415N 

P = 0.248 

Logistic  Regression  Tests  (d) 

P = 0.077 

P = 0.553 

P = 0.488N 

P = 0.192 

Cochran-Armitage  Trend  Test  (d) 

P = 0.062 

Fisher  Exact  Test  (d) 

P = 0.500 

P = 0.500N 

P = 0.134 

Clitoral  Gland:  Adenoma 

Overall  Rates  (a) 

1/45(2%) 

(e)  1/5(20%) 

(e)  1/11(9%) 

4/48  (8%) 

Adjusted  Rates  (b) 

4.3% 

10.6% 

Terminal  Rates  (c) 

1/23  (4%) 

3/35(9%) 

Day  of  First  Observation 

729 

616 

Life  Table  Test(d) 

P = 0.309 

Logistic  Regression  Test  (d) 

P = 0.265 

Fisher  Exact  Test  (d) 

P = 0.201 

Mammary  Gland:  Adenoma 

Overall  Rates  (a) 

1/50(2%) 

1/50(2%) 

0/50  (0%) 

3/50(6%) 

Adjusted  Rates  (b) 

2.6% 

2.6% 

0.0% 

8.1% 

Terminal  Rates  (c) 

0/27(0%) 

1/39(3%) 

0/36  (0%) 

3/37(8%) 

Day  of  First  Observation 

605 

729 

729 

Life  Table  Tests  (d) 

P = 0.155 

P = 0.692N 

P = 0.475N 

P = 0.407 

Logistic  Regression  Tests  (d) 

P = 0.140 

P = 0.769N 

P = 0.543N 

P = 0.351 

Cochran-Armitage  Trend  Test  (d) 

P = 0.128 

Fisher  Exact  Test  (d) 

P = 0.753N 

P = 0.500N 

P = 0.309 

Mammary  Gland:  Fibroadenoma 

Overall  Rates  (a) 

8/50(16%) 

10/50(20%) 

13/50(26%) 

6/50(12%) 

Adjusted  Rates  (b) 

26.6% 

25.6% 

31.8% 

15.7% 

Terminal  Rates  (c) 

6/27  (22%) 

10/39(26%) 

9/36(25%) 

5/37(14%) 

Day  of  First  Observation 

400 

729 

539 

688 

Life  Table  Tests  (d) 

P = 0.138N 

P = 0.487N 

P = 0.375 

P = 0.192N 

Logistic  Regression  Tests  (d) 

P = 0.174N 

P = 0.582 

P = 0.233 

P = 0.275N 

Cochran-Armitage  Trend  Test  (d) 

P = 0.229N 

Fisher  Exact  Test  (d) 

P = 0.398 

P = 0.163 

P = 0.387N 

Mammary  Gland:  Adenoma  or  Fibroadenoma 

Overall  Rates  (a) 

9/50(18%) 

11/50(22%) 

13/50(26%) 

9/50(18%) 

Adjusted  Rates  (b) 

28.5% 

28.2% 

31.8% 

23.6% 

Terminal  Rates  (c) 

6/27(22%) 

11/39(28%) 

9/36(25%) 

8/37(22%) 

Day  of  First  Observation 

400 

729 

539 

688 

Life  Table  Tests  (d) 

P = 0.307N 

P = 0.457N 

P = 0.475 

P = 0.342N 

Logistic  Regression  Tests  (d) 

P = 0.371N 

P = 0.572 

P = 0.311 

P = 0.469N 

Cochran-Armitage  Trend  Test  (d) 

P = 0.451N 

Fisher  Exact  Test  (d) 

P = 0.402 

P = 0.235 

P = 0.602N 

Pituitary  Gland/Pars  Distalis:  Adenoma 

Overall  Rates  (a) 

21/50(42%) 

(e)  13/33(39%) 

(e)  17/35(49%) 

23/50(46%) 

Adjusted  Rates  (b) 

56.9% 

53.0% 

Terminal  Rates  (c) 

12/27(44%) 

17/37(46%) 

Day  of  First  Observation 

482 

511 

Life  Table  Test  (d) 

P = 0.294N 

Logistic  Regression  Test  (d) 

P = 0.573N 

Fisher  Exact  Test  (d) 

P = 0.420 

p-Chloroaniline  Hydrochloride,  NTP  TR  351  160 


TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control  2 mg/kg  6 mg/kg  18  mg/kg 


Pituitary  Gland/Pars  Distalis:  Adenoma  or  Carcinoma 


Overall  Rates  (a) 

21/50(42%) 

(e)  13/33  (39%) 

(e)  17/35(49%) 

24/50  (48%) 

Adjusted  Rates  (b) 

56.9% 

54.1% 

Terminal  Rates  (c) 

12/27  (44%) 

17/37(46%) 

Day  of  First  Observation 

482 

511 

Life  Table  Test  (d) 

P = 0.353N 

Logistic  Regression  Test  (d) 

P = 0.507 

Fisher  Exact  Test  (d) 

P = 0.344 

Subcutaneous  Tissue:  Fibroma  or 

Neurofibroma 

Overall  Rates  (a) 

2/50(4%) 

3/50  (6%) 

0/50  (0%) 

2/50(4%) 

Adjusted  Rates  (b) 

7.4% 

6.8% 

0.0% 

4.7% 

Terminal  Rates  (c) 

2/27  (7%) 

1/39  (3%) 

0/36(0%) 

1/37  (3%) 

Day  of  First  Observation 

729 

605 

529 

Life  Table  Tests  (d) 

P = 0.507N 

P = 0.647 

P = 0.177N 

P = 0.594N 

Logistic  Regression  Tests  (d) 

P = 0.559N 

P = 0.559 

P = 0.178N 

P = 0.679N 

Cochran- Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.555N 

P = 0.500 

P = 0.247N 

P = 0.691 

Subcutaneous  Tissue:  Fibroma  or  Fibrosarcoma 

Overall  Rates  (a) 

2/50  (4%) 

3/50  (6%) 

0/50  (0%) 

2/50  (4%) 

Adjusted  Rates  (b) 

7.4% 

6.8% 

0.0% 

4.7% 

Terminal  Rates  (c) 

2/27  (7%) 

1/39  (3%) 

0/36  (0%) 

1/37  (3%) 

Day  of  First  Observation 

729 

605 

529 

Life  Table  Tests  (d) 

P = 0.506N 

P = 0.649 

P = 0.177N 

P = 0.594N 

Logistic  Regression  Tests  (d) 

P = 0.560N 

P = 0.557 

P = 0.178N 

P = 0.679N 

Cochran- Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.555N 

P = 0.500 

P = 0.247N 

P = 0.691N 

Subcutaneous  Tissue:  Fibroma,  Neurofibroma,  Sarcoma,  or  Fibrosarcoma 

Overall  Rates  (a) 

2/50  (4%) 

4/50  (8%) 

0/50  (0%) 

3/50  (6%) 

Adjusted  Rates  (b) 

7.4% 

8.9% 

0.0% 

7.1% 

Terminal  Rates  (c) 

2/27  (7%) 

1/39  (3%) 

0/36  (0%) 

1/37  (3%) 

Day  of  First  Observation 

729 

605 

529 

Life  Table  Tests  (d) 

P = 0.600 

P = 0.500 

P = 0.177N 

P = 0.621 

Logistic  Regression  Tests  (d) 

P = 0.544 

P = 0.390 

P = 0.178N 

P = 0.521 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.549 

P = 0.339 

P = 0.247N 

P = 0.500 

Thyroid  Gland:  C-Cell  Adenoma 

Overall  Rates  (a) 

5/49(10%) 

(e)  0/6  (0%) 

(e)  1/11(9%) 

5/48(10%) 

Adjusted  Rates  (b) 

16.9% 

13.5% 

Terminal  Rates  (c) 

4/27(15%) 

5/37(14%) 

Day  of  First  Observation 

537 

729 

Life  Table  Test(d) 

P = 0.436N 

Logistic  Regression  Test  (d) 

P = 0.541N 

Fisher  Exact  Test  (d) 

P = 0.617 

Thyroid  Gland:  C-Cell  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

6/49(12%) 

(e)  0/6  (0%) 

(e)  2/11  (18%) 

6/48(13%) 

Adjusted  Rates  (b) 

19.7% 

16.2% 

Terminal  Rates  (c) 

4/27(15%) 

6/37(16%) 

Day  of  First  Observation 

537 

729 

Life  Table  Test  (d) 

P = 0.410N 

Logistic  Regression  Test  (d) 

P = 0.515N 

Fisher  Exact  Test  (d) 

P = 0.606 
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TABLE  B3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  RATS  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

2 mg/kg 

6 mg/kg 

18  mg/kg 

Uterus:  Stromal  Polyp 

Overall  Rates  (a) 

5/50(10%) 

(e)  6/14  (43%) 

(e)  7/20(35%) 

6/50(12%) 

Adjusted  Rates  (b) 

15.0% 

16.2% 

Terminal  Rates  (c) 

2/27  (7%) 

6/37(16%) 

Day  of  First  Observation 

529 

729 

Life  Table  Test(d) 

P = 0.560N 

Logistic  Regression  Test  (d) 

P = 0.596 

Fisher  Exact  Test  (d) 

P = 0.500 

Hematopoietic  System:  Mononuclear  Leukemia 

Overall  Rates  (a) 

10/50(20%) 

2/50  (4%) 

1/50(2%) 

1/50(2%) 

Adjusted  Rates  (b) 

27.2% 

4.6% 

2.6% 

2.7% 

Terminal  Rates  (c) 

2/27  (7%) 

0/39(0%) 

0/36  (0%) 

1/37  (3%) 

Day  of  First  Observation 

529 

617 

711 

729 

Life  Table  Tests  (d) 

P = 0.010N 

P = 0.005N 

P = 0.003N 

P = 0.002N 

Logistic  Regression  Tests  (d) 

P = 0.013N 

P = 0.015N 

P = 0.004N 

P = 0.004N 

Cochran-Armitage  Trend  Test  (d) 

P = 0.012N 

Fisher  Exact  Test  (d) 

P = 0.014N 

P = 0.004N 

P = 0.004N 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  at  the  site;  doses  calculated  as  p-chloroaniline. 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  at  terminal  kill 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  logistic  regres- 
sion test  regards  these  lesions  as  nonfatal.  The  Cochran-Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  lower  incidence  in  a dosed  group  is  indicated  by  (N). 

(e)  Incomplete  sampling  of  tissues 
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TABLE  B4a.  HISTORICAL  INCIDENCE  OF  SPLENIC  SARCOMAS  IN  FEMALE  F344/N  RATS  (a) 


Study 

Incidence  in  Controls 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls  (b) 

Iodinated  glycerol 

0/48 

Malonaldehyde,  sodium  salt 

0/50 

Chlorpheniramine  maleate 

0/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

0/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

0/49 

Methyl  carbamate 

0/50 

TOTAL 

0/297  (0.0%) 

SD(c) 

0.00% 

Range (d) 

High 

0/50 

Low 

0/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

(e)  1/1,961  (0.05%) 

SD  (c) 

0.40% 

Range (d) 

High 

1/40 

Low 

0/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(e)  Sarcoma,  NOS;  no  fibrosarcomas  or  osteosarcomas  have  been  observed. 
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TABLE  B4b.  HISTORICAL  INCIDENCE  OF  ADRENAL  MEDULLARY  TUMORS  IN  FEMALE  F344/N 

RATS  (a) 


Study 

Incidence  in  Controls 

Pheochromocytoma 

Pheochromocytoma  or 
Malignant  Pheochromocytoma 

Historical  Incidence  for  All  Water  Gavage 

Vehicle  Controls  (b) 

Iodinated  glycerol 

1/49 

2/49 

Malonaldehyde,  sodium  salt 

4/50 

5/50 

Chlorpheniramine  maleate 

3/50 

3/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

2/50 

2/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

4/47 

4/47 

Methyl  carbamate 

4/49 

4/49 

TOTAL 

18/295(6.1%) 

20/295  (6.8%) 

SD(c) 

2.63% 

2.49% 

Range (d) 

High 

4/47 

5/50 

Low 

1/49 

2/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

92/1,968  (4.7%) 

99/1,968(5.0%) 

SD  (c) 

3.75% 

3.70% 

Range (d) 

High 

8/50 

8/50 

Low 

0/50 

0/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  qnd  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  B4c.  HISTORICAL  INCIDENCE  OF  LEUKEMIA  IN  FEMALE  F344/N  RATS  (a) 


Study 

Incidence  in  Controls 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls  (b) 

Iodinated  glycerol 

15/50 

Malonaldehyde,  sodium  salt 

5/50 

Chlorpheniramine  maleate 

11/50 

Tetrakis(hydroxymethyl)phosphonium  chloride 

4/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate 

23/49 

Methyl  carbamate 

17/50 

TOTAL 

75/299(25.1%) 

SD  (c) 

14.90% 

Range (d) 

High 

23/49 

Low 

4/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

383/1,983(19.3%) 

SD(c) 

6.66% 

Range (d) 

High 

15/50 

Low 

3/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  The  methyl  carbamate  study  was  conducted  at  Microbiological  Associates,  and  the  iodinated  glycerol  study  was  conducted  at 
EG&G  Mason  Research  Institute;  all  other  studies  were  performed  by  Battelle  Columbus  Laboratories. 

(c)  Standard  deviation 

(d)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  B5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  RATS  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

50 

ALIMENTARY  SYSTEM 

Esophagus 

(50) 

(8) 

(12) 

(50) 

Foreign  body 

6 (12%) 

1 (13%) 

3 (25%) 

Inflammation,  chronic  active 

1 (2%) 

Intestine  large,  cecum 

(40) 

(4) 

(3) 

(46) 

Inflammation,  chronic  active 

1 (25%) 

Parasite  metazoan 

I (3%) 

1 (25%) 

1 (2%) 

Intestine  large,  colon 

(47) 

(6) 

(8) 

(46) 

Inflammation,  chronic  active 

1 (2%) 

Inflammation,  necrotizing 

1 (13%) 

Parasite  metazoan 

4 (9%) 

1 (13%) 

3 (7%) 

Intestine  large,  rectum 

(45) 

(3) 

(6) 

(47) 

Parasite  metazoan 

3 (7%) 

1 (17%) 

2 (4%) 

Liver 

(50) 

(50) 

(50) 

(50) 

Basophilic  focus 

38  (76%) 

45  (90%) 

46  (92%) 

44  (88%) 

Clear  cell  focus 

1 (2%) 

3 (6%) 

Degeneration,  cystic 

1 (2%) 

Degeneration,  fatty 

1 (2%) 

Fibrosis 

1 (2%) 

Hepatodiaphragmatic  nodule 

5 (10%) 

2 (4%) 

2 (4%) 

3 (6%) 

Inflammation,  chronic 

32  (64%) 

30  (60%) 

32  (64%) 

36  (72%) 

Inflammation,  necrotizing 

1 (2%) 

1 (2%) 

3 (6%) 

1 (2%) 

Necrosis,  coagulative 

2 (4%) 

1 (2%) 

Pigmentation,  hemosiderin 

1 (2%) 

Vacuolization  cytoplasmic 

3 (6%) 

3 (6%) 

1 (2%) 

Bile  duct,  hyperplasia 

8 (16%) 

3 (6%) 

1 (2%) 

9 (18%) 

Portal  vein,  intima,  proliferation 

1 (2%) 

Mesentery 

(49) 

(7) 

(11) 

(47) 

Inflammation,  chronic 

2 (29%) 

2 (18%) 

8 (17%) 

Necrosis 

2 (29%) 

1 (2%) 

Pancreas 

(50) 

(6) 

(12) 

(49) 

Ectopic  tissue 

1 (2%) 

Inflammation,  chronic 

2 (17%) 

2 (4%) 

Acinus,  atrophy 

13  (26%) 

1 (17%) 

3 (25%) 

15  (31%) 

Pharynx 

(1) 

Inflammation,  chronic  active 

1 (100%) 

Salivary  glands 

(50) 

(8) 

(12) 

(49) 

Inflammation,  chronic  active 

1 (2%) 

Stomach,  forestomach 

(50) 

(5) 

(9) 

(48) 

Acanthosis 

1 (2%) 

Hyperkeratosis 

1 (2%) 

Inflammation,  chronic  active 

1 (2%) 

1 (20%) 

2 (4%) 

Stomach,  glandular 

(50) 

(4) 

(9) 

(48) 

Inflammation,  chronic  active 

1 (2%) 

1 (2%) 

Necrosis,  coagulative 

1 (2%) 

1 (25%) 

Tooth 

(50) 

(4) 

(10) 

(50) 

Inflammation,  chronic  active 

1 (2%) 

1 (2%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

CARDIOVASCULAR  SYSTEM 

Bloodvessel  (49) 

Mesenteric  artery,  inflammation,  chronic  active 
Heart  (50) 

Cardiomyopathy,  chronic  32  (64%) 

Inflammation,  chronic  active 

Coronary  artery,  inflammation,  chronic  active  1 (2%) 
Endocardium,  proliferation 

Valve,  inflammation,  chronic  active  1 (2%) 

(8) 

(7) 

2 (29%) 

1 (14%) 
1 (14%) 

(12) 

(10) 

7 (70%) 

(49) 

2 (4%) 

(50) 

44  (88%) 
1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland 

(50) 

(50) 

(50) 

(50) 

Accessory  adrenal  cortical  nodule 

1 (2%) 

Adrenal  gland,  cortex 

(50) 

(50) 

(50) 

(50) 

Angiectasis 

2 (4%) 

1 (2%) 

Cyst 

1 (2%) 

Degeneration,  fatty 

4 (8%) 

10  (20%) 

9 (18%) 

11  (22%) 

Hyperplasia 

13  (26%) 

23  (46%) 

18  (36%) 

20  (40%) 

Hypertrophy 

l (2%) 

2 (4%) 

Necrosis 

3 (6%) 

Adrenal  gland,  medulla 

(50) 

(50) 

(50) 

(50) 

Hyperplasia 

4 (8%) 

4 (8%) 

7 (14%) 

24  (48%) 

Pituitary  gland 

(50) 

(33) 

(35) 

(50) 

Pars  distalis,  angiectasis 

2 (4%) 

1 (3%) 

Pars  distalis,  atypical  cells 

1 (3%) 

Pars  distalis,  cyst 

2 (4%) 

3 (9%) 

7 (20%) 

12  (24%) 

Pars  distalis,  degeneration,  cystic 

1 (2%) 

Pars  distalis,  hyperplasia 

17  (34%) 

18  (55%) 

9 (26%) 

16  (32%) 

Pars  distalis,  inflammation,  chronic 

1 (2%) 

Pars  nervosa,  hyperplasia,  glandular 

2 (4%) 

Thyroid  gland 

(49) 

(6) 

(11) 

(48) 

Cyst 

1 (2%) 

Inflammation,  chronic  active 

1 (2%) 

C-cell,  hyperplasia 

25  (51%) 

3 (50%) 

2 (18%) 

39  (81%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Clitoral  gland 

(45) 

(5) 

(11) 

(48) 

Hyperplasia 

2 (4%) 

1 (20%) 

1 (9%) 

5 (10%) 

Inflammation,  chronic  active 

8 (18%) 

1 (20%) 

1 (9%) 

7 (15%) 

Duct,  dilatation 

1 (9%) 

Ovary 

(50) 

(15) 

(15) 

(49) 

Cyst 

4 (8%) 

4 (27%) 

4 (8%) 

Uterus 

(50) 

(14) 

(20) 

(50) 

Dilatation 

2 (4%) 

2 (14%) 

5 (25%) 

6 (12%) 

Hemorrhage,  chronic 

1 (2%) 

Inflammation,  chronic  active 

1 (7%) 

1 (5%) 

1 (2%) 

Endometrium,  hyperplasia,  cystic,  glandular  9 (18%) 

1 (7%) 

3 (15%) 

8 (16%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

HEMATOPOIETIC  SYSTEM 

Blood 

(32) 

(45) 

(37) 

(43) 

Lymphopenia 

1 (3%) 

Neutropenia 

1 (3%) 

Neutrophilia 

1 (3%) 

2 (4%) 

3 (7%) 

Bone  marrow 

(50) 

(48) 

(50) 

(47) 

Femoral,  atrophy 

1 (2%) 

1 (2%) 

Femoral,  hemorrhage,  acute 

1 (2%) 

Femoral,  hyperplasia 

11  (22%) 

12  (25%) 

21  (42%) 

37  (79%) 

Femoral,  hyperplasia,  re  cell 

4 (9%) 

Femoral,  hyperplasia,  reticulum  cell 

1 (2%) 

2 (4%) 

7 (14%) 

7 (15%) 

Lymph  node 

(50) 

(12) 

(17) 

(50) 

Bronchial,  pigmentation,  hemosiderin 

1 (2%) 

Mediastinal,  cyst 

2 (4%) 

Mediastinal,  infiltration  cellular,  histiocytic 

2 (4%) 

Mediastinal,  inflammation,  suppurative 

1 (6%) 

Mediastinal,  necrosis 

1 (2%) 

Pancreatic,  pigmentation,  hemosiderin 

1 (2%) 

Renal,  cyst 

1 (6%) 

Renal,  inflammation,  chronic  active 

1 (6%) 

Lymph  node,  mandibular 

(49) 

(7) 

(14) 

(49) 

Cyst 

2 (4%) 

Hemorrhage 

1 (2%) 

Hyperplasia,  plasma  cell 

1 (2%) 

1 (2%) 

Infiltration  cellular,  histiocytic 

1 (2%) 

Necrosis 

1 (2%) 

Lymph  node,  mesenteric 

(7) 

(4) 

(1) 

(9) 

Cyst 

1 (25%) 

1 (100%) 

Ectasia 

1 (25%) 

Edema 

2 (29%) 

1 (100%) 

Hemorrhage 

1 (14%) 

1 (100%) 

Hyperplasia,  lymphoid 

1 (11%) 

Infiltration  cellular,  histiocytic 

1 (14%) 

Necrosis 

1 (14%) 

Spleen 

(50) 

(50) 

(50) 

(50) 

Cyst 

1 (2%) 

Depletion  lymphoid 

1 (2%) 

Fibrosis 

1 (2%) 

2 (4%) 

3 (6%) 

42  (84%) 

Hematopoietic  cell  proliferation 

41  (82%) 

48  (96%) 

48  (96%) 

32  (64%) 

Hyperplasia,  lymphoid 

1 (2%) 

Infiltration  cellular,  lipocyte 

11  (22%) 

Inflammation,  chronic  active 

1 (2%) 

Necrosis 

1 (2%) 

Pigmentation,  hemosiderin 

39  (78%) 

49  (98%) 

49  (98%) 

48  (96%) 

Capsule,  cyst 

3 (6%) 

Thymus 

(42) 

(8) 

(11) 

(44) 

Depletion  lymphoid 

1 (2%) 

Necrosis 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(49) 

(17) 

(22) 

(50) 

Hyperplasia,  cystic 

34  (69%) 

11  (65%) 

17  (77%) 

48  (96%) 

Skin 

(50) 

(20) 

(21) 

(50) 

Inflammation,  chronic  active 

1 (2%) 

Inflammation,  necrotizing 

1 (5%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

MUSCULOSKELETAL  SYSTEM 
Skeletal  muscle 

Inflammation,  chronic  active 

(49) 

1 (2%) 

(5) 

(10) 

(50) 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

(5) 

(10) 

(50) 

Compression 

4 (8%) 

1 (20%) 

4 (40%) 

5 (10%) 

Hydrocephalus 

3 (6%) 

1 (20%) 

4 (8%) 

Thrombus 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(49) 

(5) 

(11) 

(50) 

Granuloma 

1 (2%) 

Hemorrhage,  acute 

1 (2%) 

Inflammation,  chronic  active 

5 (10%) 

1 (2%) 

Alveolar  epithelium,  hyperplasia 

1 (2%) 

2 (4%) 

Mediastinum,  inflammation,  chronic  active 

1 (2%) 

1 (9%) 

1 (2%) 

Nose 

(49) 

(4) 

(11) 

(49) 

Foreign  body 

1 (2%) 

Inflammation,  chronic  active 

3 (6%) 

11  (22%) 

Nasolacrimal  duct,  inflammation,  chronic  active 

2 (4%) 

Nasolacrimal  duct,  inflammation,  suppurative  2 (4%) 

4 (8%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(12) 

(32) 

(31) 

(31) 

Inflammation,  chronic 

1 (8%) 

1 (3%) 

1 (3%) 

Anterior  chamber,  inflammation,  suppurative 

1 (3%) 

Cornea,  inflammation,  chronic 

1 (3%) 

Lens,  cataract 

10  (83%) 

30  (94%) 

30  (97%) 

30  (97%) 

Retina,  atrophy 

11  (92%) 

32  (100%) 

31  (100%) 

31  (100%) 

Harderian  gland 

(42) 

(6) 

(11) 

(44) 

Atrophy 

1 (2%) 

Inflammation,  chronic 

1 (2%) 

6 (14%) 

URINARY  SYSTEM 

Kidney 

(50) 

(50) 

(50) 

(50) 

Cyst 

1 (2%) 

Inflammation,  chronic  active 

1 (2%) 

Nephropathy,  chronic 

39  (78%) 

39  (78%) 

45  (90%) 

41  (82%) 

Renal  tubule,  pigmentation,  hemosiderin 

44  (88%) 

48  (96%) 

50  (100%) 

50  (100%) 

Urinary  bladder 

(50) 

(5) 

(8) 

(49) 

Inflammation,  chronic  active 

1 (2%) 
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Vehicle  Control 

Low  Do9e 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

49 

50 

50 

ALIMENTARY  SYSTEM 

Gallbladder 

(45) 

*(49) 

*(50) 

(47) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Intestine  large,  colon 

(48) 

*(49) 

*(50) 

(48) 

Cholangiocarcinoma,  metastatic,  liver 

1 (2%) 

Intestine  small,  duodenum 

(48) 

*(49) 

*(50) 

(45) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Intestine  small,  jejunum 

(47) 

*(49) 

*(50) 

(47) 

Adenocarcinoma 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Peyer’s  patch,  lymphoma  malignant 

lymphocytic 

1 (2%) 

2 (4%) 

Peyer’s  patch,  lymphoma  malignant  mixed 

2 (4%) 

1 (2%) 

Liver 

(50) 

(49) 

(50) 

(50) 

Cholangiocarcinoma 

1 (2%) 

Hemangiosarcoma 

2 (4%) 

1 (2%) 

1 (2%) 

3 (6%) 

Hemangiosarcoma,  multiple 

1 (2%) 

3 (6%) 

Hepatocellular  carcinoma 

2 (4%) 

7 (14%) 

8 (16%) 

13  (26%) 

Hepatocellular  carcinoma,  multiple 

1 (2%) 

3 (6%) 

4 (8%) 

Hepatocellular  adenoma 

7 (14%) 

11  (22%) 

8 (16%) 

3 (6%) 

Hepatocellular  adenoma,  multiple 

2 (4%) 

4 (8%) 

2 (4%) 

1 (2%) 

Hepatocholangiocarcinoma 

1 (2%) 

Lymphoma  malignant  histiocytic 

3 (6%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

3 (6%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 

Mesentery 

*(50) 

*(49) 

*(50) 

*(50) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Pancreas 

(49) 

*(49) 

*(50) 

(49) 

Hemangiosarcoma 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 

Salivary  glands 

(50) 

*(49) 

*(50) 

(49) 

Lymphoma  malignant  mixed 

1 (2%) 

Stomach,  forestomach 

(49) 

*(49) 

*(50) 

(48) 

Papilloma  squamous 

2 (4%) 

Stomach,  glandular 

(50) 

*(49) 

*(50) 

(48) 

Adenocarcinoma 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Serosa,  fibrosarcoma,  metastatic,  skin 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

*(49) 

*(50) 

(50) 

Fibrosarcoma,  metastatic,  multiple,  skin 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Epicardium,  sarcoma 

1 (2%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

ENDOCRINE  SYSTEM 

Adrenal  gland 

(49) 

*(49) 

*(50) 

(50) 

Capsule,  adenoma 

2 (4%) 

Adrenal  gland,  cortex 

(49) 

*(49) 

*(50) 

(50) 

Fibrosarcoma,  metastatic,  skin 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

Lymphoma  malignant  mixed 

1 (2%) 

Adrenal  gland,  medulla 

(49) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Pituitary  gland 

(40) 

*(49) 

*(50) 

(41) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Thyroid  gland 

(50) 

*(49) 

*(50) 

(48) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

C-cell,  adenoma 

1 (2%) 

Follicular  cell,  adenoma 

4 (8%) 

3 (6%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Epididymis 

(49) 

*(49) 

*(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Prostate 

(48) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Testes 

(49) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Interstitial  cell,  adenoma 

1 (2%) 

HEMATOPOIETIC  SYSTEM 


Blood 

*(50) 

*(49) 

*(50) 

*<50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Bone  marrow 

(50) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 

2 (4%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 

(2%) 

Femoral,  hemangiosarcoma 

1 (2%) 

2 

(4%) 

Lymph  node 

(49) 

*(49) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 

1 (2%) 

1 

(2%) 

Lumbar,  lymphoma  malignant  mixed 

1 

(2%) 

Mediastinal,  lymphoma  malignant  histiocytic  2 (4%) 
Mediastinal,  lymphoma  malignant  lymphocytic 

2 (4%) 

Mediastinal,  lymphoma  malignant  mixed 

3 (6%) 

1 

(2%) 

Pancreatic,  lymphoma  malignant  mixed 
Renal,  lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

1 

(2%) 

Renal,  lymphoma  malignant  mixed 

1 (2%) 

1 

(2%) 

Lymph  node,  mandibular 

(48) 

*(49) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

3 (6%) 

Lymphoma  malignant  mixed 

3 (6%) 

2 

(4%) 

Mast  cell  tumor  benign 

1 

(2%) 

Melanoma  malignant,  metastatic,  skin 
Mediastinal,  fibrosarcoma,  metastatic,  skin 

1 (2%) 

1 

(2%) 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

HEMATOPOIETIC  SYSTEM  (Continued) 

Lymph  node,  mesenteric 

(22) 

*(49) 

*(50) 

(17) 

Hemangiosarcoma 

1 

(5%) 

Lymphoma  malignant  histiocytic 

2 

(9%) 

Lymphoma  malignant  lymphocytic 

1 

(5%) 

2 (4%) 

5 (10%) 

Lymphoma  malignant  mixed 

3 

(14%) 

1 

(6%) 

Spleen 

(50) 

(47) 

(49) 

(49) 

Hemangiosarcoma 

3 

(6%) 

2 (4%) 

5 

(10%) 

Lymphoma  malignant  histiocytic 

3 

(6%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 

(2%) 

5 (10%) 

Lymphoma  malignant  mixed 

3 

(6%) 

2 

(4%) 

Thymus 

(36) 

*(49) 

*(50) 

(27) 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

1 

(3%) 

1 (2%) 

1 

(4%) 

Sarcoma,  metastatic,  uncertain  primary  site 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Skin 

(49) 

*(49) 

*(50) 

(49) 

Basosquamous  tumor  benign 
Papilloma  squamous 

1 (2%) 

1 

(2%) 

Subcutaneous  tissue,  fibroma 

3 

(6%) 

4 (8%) 

5 (10%) 

1 

(2%) 

Subcutaneous  tissue,  fibrosarcoma 

6 

(12%) 

3 (6%) 

8 (16%) 

4 

(8%) 

Subcutaneous  tissue,  fibrosarcoma,  multiple 

1 (2%) 

Subcutaneous  tissue,  lymphoma  malignant 

lymphocytic 

1 (2%) 

Subcutaneous  tissue,  melanoma  malignant 
Subcutaneous  tissue,  sarcoma 

1 (2%) 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Skeletal  muscle  *(50) 

*(49) 

*(50) 

*(50) 

Intercostal,  fibrosarcoma,  metastatic,  skin 

1 

(2%) 

NERVOUS  SYSTEM 

Brain 

(50) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

*(49) 

*(50) 

(50) 

Alveolar/bronchiolar  adenoma 

4 

(8%) 

4 (8%) 

5 (10%) 

4 

(8%) 

Alveolar/bronchiolar  adenoma,  multiple 

1 

(2%) 

Alveolar/bronchiolar  carcinoma 

3 

(6%) 

1 (2%) 

3 (6%) 

3 

(6%) 

Fibrosarcoma,  metastatic,  multiple,  skin 

1 

(2%) 

Hemangiosarcoma,  metastatic,  liver 

1 

(2%) 

Hepatocellular  carcinoma,  metastatic,  liver 

1 

(2%) 

1 (2%) 

2 (4%) 

9 

(18%) 

Hepatocholangiocarcinoma,  metastatic,  liver 

1 (2%) 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 

2 

(4%) 

2 (4%) 

Lymphoma  malignant  mixed 
Melanoma  malignant,  metastatic,  skin 
Mediastinum,  sarcoma 

1 

(2%) 

1 (2%) 

1 (2%) 

1 

(2%) 

Nose 

(50) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 
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GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

SPECIAL  SENSES  SYSTEM 
Harderian  gland 
Adenoma 
Adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 

*(50) 

5 (10%) 

2 (4%) 

*(49) 

2 (4%) 

*(50) 

1 (2%) 

1 (2%) 

*(50) 

4 (8%) 
1 (2%) 

URINARY  SYSTEM 

Kidney 

(50) 

*(49) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

2 (4%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

Lymphoma  malignant  mixed 

1 (2%) 

2 (4%) 

Urinary  bladder 

(49) 

*(49) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

SYSTEMIC  LESIONS 

Multiple  organs 

*(50) 

*(49) 

*(50) 

*(50) 

Lymphoma  malignant  mixed 

5 (10%) 

3 (6%) 

Lymphoma  malignant  histiocytic 

3 (6%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

2 (4%) 

2 (4%) 

8 (16%) 

Hemangiosarcoma 

4 (8%) 

4 (8%) 

1 (2%) 

10  (20%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

50 

Terminal  sacrifice 

43 

36 

29 

35 

Moribund 

3 

6 

12 

9 

Dead 

4 

7 

9 

6 

Missing 

1 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

40 

30 

35 

36 

Total  primary  neoplasms 

56 

46 

59 

59 

Total  animals  with  benign  neoplasms 

23 

20 

17 

18 

Total  benign  neoplasms 

29 

26 

22 

21 

Total  animals  with  malignant  neoplasms 

25 

16 

28 

27 

Total  malignant  neoplasms 

27 

20 

37 

38 

Total  animals  with  secondary  neoplasms  ***  1 

2 

3 

10 

Total  secondary  neoplasms 

1 

4 

4 

16 

Total  animals  with  malignant  neoplasms 

1 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  VEHICLE  CONTROL 
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ALTMENTXEV5YSTEM 

Esophagus 

Gallbladder 

Lymphoma  malignant  histiocytic 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Adenocarcinoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Payer's  patch,  lymphoma  malignant 
mixed 
Liver 

Hemangiosarcoma 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Mesentery 

Lymphoma  malignant  histiocytic 
Pancreas 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Salivary  glands 
Stomacn 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Adrenal  gland,  medulla 
Lymphoma  malignant  histiocytic 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 

Lymphoma  malignant  histiocytic 
Follicular  cell,  aaenoma 

GENERAL  BODY  SYSTEM 

None 


GENITAL  SYSTEM 

Epididymis 
Preputial  gland 
Prostate 
Seminal  vesicle 
Testes 

Interstitial  cell,  adenoma 


Tissue  examined  microscopically 
Not  examined 

Present  but  not  examined  microscopically 
Insufficient  tissue 


M:  Missing 

A:  Autolysis  precludes  examination 

X:  Incidence  of  listed  morphology 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 

Gallbladder 

Lymphoma  malignant  histiocytic 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Adenocarcinoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Payer's  patch,  lymphoma  malignant 
mixed 
Liver 

Hemangiosarcoma 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Mesentery 

Lymphoma  malignant  histiocytic 
Pancreas 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Adrenal  gland,  medulla 
Lymphoma  malignant  histiocytic 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 

Lymphoma  malignant  histiocytic 
Follicular  cell,  adenoma 

GENERAL"ffODY”5Y5TEH 

None 

GENITAL  SYSTEM 

Epididymis 
Preputial  gland 
Prostate 
Seminal  vesicle 
Testes 

Interstitial  cell,  adenoma 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 
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Lymph  node 

Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant  mixed 
Pancreatic,  lympnoma  malignant  mixed 
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Lymph  node,  mandibulaf 
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Spleen 
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Thymus 
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Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
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Bone 
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Brain 
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Lung 

Alveola r/bronchiolar  adenoma 
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Hepatocellular  carcinoma,  metastatic, 
liver 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Nose 
Trachea 

SPECIAL  SENSES“SYSTEM 

Eye 

Hardenan  gland 
Adenoma 

Lymphoma  malignant  histiocytic 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Urinary  bladder 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON" 

STUDY 


CARCASS 

ID 


H KMAT0P01RT1C  'S  Y STEM 

Blood 

Bone  marrow 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Femoral,  hemangiosarcoma 
Lymph  node 

Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malig.  mixed 
Pancreatic,  lymphoma  malignant  mixed 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesenteric 
Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
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Lymphoma  malignant  mixed 
Spleen 
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Lymphoma  malignant  mixed 
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Skin 
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Brain 
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Alveolar/bronchiolar  adenoma,  multiple 
Alveolar/bronchiolar  carcinoma 
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liver 
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Nose 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  LOW  DOSE 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecnm 
Intestine  large,  colon 
Cholangiocarrinoma,  metastatic,  liver 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Peyer's  patch,  lymphoma  malignant 
lymphocytic 
Liver 

Cholangiocarrinoma 
Hemangiosarcoma 
Hemangiosarcoma,  multiple 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Pancreas 
Salivary  glands 
Stomacn 

Stomach,  forestomach 
Stomach,  glandular 
Tooth 
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Heart 

ENDOCRINE  SYSTEM 
Adrenal  gland 
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Adrenal  gland,  medulla 
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Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 
C-cell,  adenoma 

GENERAL'  BODY  SYSTEM 

None 
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Epididymis 
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Preputial  gland 
Prostate 
Seminal  vesicle 
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Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Melanoma  malignant,  metastatic,  skin 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Hemangiosarcoma 

Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Skin 

Subcutaneous  tissue,  fibroma 
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MUSCULOSKELETAL-  SYSTEM 

Bone 

NERVOUS'  SYSTEM 

Brain 
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Melanoma  malignant,  metastatic,  skin 
Nose 
Trachea 

SPECIAL  SENSES  SYSTEM 
Harderian  gland 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  LOW  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Cholangiocarcinoma,  metastatic,  liver 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Peyer's  patch,  lymphoma  malignant 
lymphocytic 
Liver 

Cholangiocarcinoma 
Hemangiosarcoma 
Hemangiosarcoma,  multiple 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Pancreas 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Tooth 

C ARDIOV ASCUCAR”SY5TEM 

Heart 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 
C-cell,  adenoma 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Epididymis 

Penis 

Preputial  gland 
Prostate 
Seminal  vesicle 
Testes 

HEMATOPOIETIC  SYSTEM 

Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Melanoma  malignant,  metastatic,  skin 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Hemangiosarcoma 

Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Skin 

Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  melanoma 
malignant 

MUSCULOSkeletal  system 

Bone 

NERVOUS  SYSTEM 

Brain 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 
liver 

Melanoma  malignant,  metastatic,  skin 
Nose 
Trachea 

SPECIAL  SENSES  SYSTEM 
Harderian  gland 
Adenoma 


t — i — i — i — i — i — i i — i — i — i — n — i — i — i — i — i — i — i — i — i — i — i — r 

0000000000000000000000000 
5555555555555555555555555 


URINARY  SYSTEM" 
Kidney 

Urinary  bladder 


~2 — 2 — 2 — 3 — 2 — 2 — 2 — 2 — 2 — 2 — 3 — 3 — 2 — 2 — 2 — T 
7890123566001468 
2333543534252321 


”2  2 2 2 2 2 2 2 2 
891234479 
424352455 


TOTAL: 

TISSUES 

TUMORS 


+ + + + + + + + + + + + + + + + + + + + + + + + + 


X 

X X 


X X 


X X 


+ + + + 
+ 


+ + + + + 


+ + + + + + + + + 

X 

■f  + + + + + + + + + + + + + + + + 4 + + + + + + + 


+ + + 
X 
X 


M 


6 

1 

6 

1 

1 

4 

2 

2 

4 

1 

49 

1 

l 

1 

7 

11 

4 
1 
3 

5 
5 
5 
5 
5 


3 

25 

8 

1 

19 

2 

47 

2 


27 

4 

3 


28 


10 

4 
1 

1 

1 

5 
5 


181  p-Chloroaniline  Hydrochloride,  NTP  TR  351 


TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  MID  DOSE 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 

Gallbladder 

Lymphoma  malignant  lymphocytic 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Lymphoma  malignant  lymphocytic 
Peyer's  patch,  lymphoma  malignant 
lymphocytic 
Liver 

Hemangiosarcoma 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Hepatocholangiocarcinoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 
Epicardium,  sarcoma 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Lymphoma  malignant  lymphocytic 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 

Lymphoma  malignant  lymphocytic 
Thyroid  gland 

Lymphoma  malignant  lymphocytic 

GENERAL  BODY  SYSTEM 

None 

GENITAL' SYSTEM 

Epididymis 

Lymphoma  malignant  lymphocytic 
Penis 

Preputial  gland 
Prostate 

Lymphoma  malignant  lymphocytic 
Seminal  vesicle 
Testes 

Lymphoma  malignant  lymphocytic 

HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Bone  marrow 

Lymphoma  malignant  lymphocytic 
Lymph  node 

Lymphoma  malignant  histiocytic 
Mediastinal,  lymphoma  malignant 
lymphocytic 

Renal,  lymphoma  malignant  lymphocytic 
Lymph  node,  mandibular 
Lymphoma  malignant  lymphocytic 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Thymus 

Lymphoma  malignant  lymphocytic 
Sarcoma,  metastatic,  uncertain  primary 
site 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  MID  DOSE 

(Continued) 


WEEKSTOTT 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 

Gallbladder 

Lymphoma  malignant  lymphocytic 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Lymphoma  malignant  lymphocytic 
Intestine  small,  ileum 
Intestine  small,  jejunum 
lymphoma  malignant  lymphocytic 
Payer's  patch,  lymphoma  malignant 
lymphocytic 
Liver 

Hemangiosarcoma 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Hepatocholangiocarcinoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Lymphoma  malignant  lymphocytic 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 
Epicardium,  sarcoma 

ENDOCRINE  SYSTEM  

Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Lymphoma  malignant  lymphocytic 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 

Lymphoma  malignant  lymphocytic 
Thyroid  gland 

Lymphoma  malignant  lymphocytic 

GENERXL~BODY  SYSTEM 

None 

GENITHTSYSTEM 

Epididymis 

Lymphoma  malignant  lymphocytic 
Penis 

Preputial  gland 
Prostate 

Lymphoma  malignant  lymphocytic 
Seminal  vesicle 
Testes 

Lymphoma  malignant  lymphocytic 

HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Bone  marrow 

Lymphoma  malignant  lymphocytic 
Lymph  node 

Lymphoma  malignant  histiocytic 
Mediastinal,  lymphoma  malignant 
lymphocytic 

Renal,  lymphoma  malig.  lymphocytic 
Lymph  node,  mandibular 
Lymphoma  malignant  lymphocytic 
Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Thymus 

Lymphoma  malignant  lymphocytic 
Sarcoma,  metastatic,  uncertain  primary 
site 
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1 
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1 
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5 

49 

1 

5 

3 

1 


183  p-Chloroaniline  Hydrochloride,  NTP  TR  351 


TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  MID  DOSE 

(Continued) 


Weekson 

STUDY 

oooooooo  'o  o o o o a o o o o i i i i i i 

5667778999999999990000000 

6143464466666677991144444 

CARCASS 

ID 

~i — i — i — i — i — i — i — i — i — 2 — i — i — i — 2 — i — i — i — 2 — i — i — i — i — i — i — r~ 

1927524120367089307781236 

2121154445244443322515115 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Skin 

M M M M M M M 

+ + + + + + + + + + + + + + + ++M 

Papilloma  squamous 
Subcu  taneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  fibrosarcoma. 

X X 

XX  X X X X 

multiple 

Subcutaneous  tissue,  lymphoma 

X 

malignant  lymphocytic 
Subcutaneous  tissue,  sarcoma 

X 

X 

MUSCUtOSKELETAL  SYSTEM 

Bone 

+ + + + + + + + + + + + + + 

NERVOUS 'SYSTEM 

Brain 

Lymphoma  malignant  lymphocytic 

+ + + + + + + 
X 

RESPIHATORY'SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolaribronchiolar  carcinoma 

+ + + + + + + + + + + 
XX  X 

X X 

Hepatocellular  carcinoma,  metastatic, 
liver 

X X 

Hepatocholangiocarcinoma,  metastatic, 
liver 

Lymphoma  malignant  lymphocytic 
Mediastinum,  sarcoma 
Nose 

Lymphoma  malignant  lymphocytic 
Trachea 

X 

X X 

X 

+ + + + + + + 

X 

+ + + + + + + 

SPECIAL  SEN5E5~5YSTEM 
Eye 

Harderian  gland 
Adenoma 

+ 

M+  + + + +M  + 

Lymphoma  malignant  lymphocytic 

X 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Urinary  bladder 

Lymphoma  malignant  lymphocytic 

+ + + + + + + + + 

X X 

+ + + + + + + + + 
X 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  MID  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


INTEGUMENTARY  SYSTEM 

Mammary  gland 
Skin 

Papilloma  squamous 
Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  fibrosarcoma, 
multiple 

Subcutaneous  tissue,  ly  mphoma 
malignant  lymphocytic 
Subcutaneous  tissue,  sarcoma 

MUSCULOSKELETAL'  SYSTEM 

Bone 

NERVOUS  SYSTEM 

Brain 

Lymphoma  malignant  lymphocytic 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 
liver 

Hepatocholangiocarcinoma,  metastatic, 
liver 

Lymphoma  malignant  lymphocytic 
Mediastinum,  sarcoma 
Nose 

Lymphoma  malignant  lymphocytic 
Trachea 

SPECIAL  SENSES~SYSTEM 

Eye 

Harderian  gland 
Adenoma 

Lymphoma  malignant  lymphocytic 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Urinary  bladder 

Lymphoma  malignant  lymphocytic 
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TOTAL: 
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TUMORS 


28 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE 
STUDY  OF  p-CHLORO  ANILINE  HYDROCHLORIDE:  HIGH  DOSE 


STUDY 


CARCASS 

ID 


ALimiNT.mY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  ierge,  rectum 
Intestine  small 
Intestine  small  duodenum 
Intestine  small  ileum 
Intestine  small,  'ejunum 
Fever's  patch,  Ijmp*1®™*  malignant 
mind 
Livar 

Hemangiosarooma 
Hemangiosarooma.  multiple 
Hepatocellular  carcinoma 
Hepatocellular  camaoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  mixed 
Pancreas 

Hemaagiosarroma 
Lymphoma  malignant  mixed 
Salivary  glands 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Adeaocamnoma 

Serosa,  fibrosarcoma,  metastatic,  skin 
Tooth 

CAJIPIOVASCULAK  SYSTEM 

Heart 

Pihrosarcoma.  metastatic,  multiple,  skis 

dTSTSM 

Adrenal  gland 
Capsule,  adenoma 
Adrenal  gland,  cortex 
Fibrosarcoma,  metastatic,  skin 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 
Follicular  cell  adenoma 

GENTSXL  50PY  SYbTEM 

Nona 

GES!TA1  SYSTEM 

Epididymis 

Lymphoma  malignant  mixed 
Preputial  gland 
Prostate 
Sammal  vesicle 
Testes 

HSMATOPOIETV  SYSTEM 

Bone  marrow 

Lymphoma  malignant  mixed 
Femoral  hemaagiosarroma 
Lymph  node 

Lymphoma  malignant  mixed 
l umnar.  lymphoma  malignant  mixed 
Mediastinal,  lymphoma  malignant  mixed 
Pancmatic,  lymphoma  malignant  mixed 
Renal  lymphoma  malignant  mixed 
Lymph  noda,  mandihnlar 
Lymphoma  malignant  mixed 
Mast  cell  tumor  benign 
Mediastinal  fibrosarcoma.  metastatic. 

r. 
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Lymphoma  malignant  x jk 
Snisen 

HamanficvsajToma 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 


rr 

~ir 

TT 

~s~ 

IT 

rr 

6 

6 

0 

8 

0 

6 

0 

1 

T~ 

T" 

t~ 

1“ 

nr 

~r 

T 

n- 

"T~ 

T~ 

n~ 

5 

7 

7 

7 

8 

9 

9 

9 

9 

9 

9 

9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

3 

3 

6 

0 

6 

7 

8 

8 

8 

9 

9 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

0 

u 

I 

1 

8 

7 

5 

e 

6 

3 

8 

9 

0 

9 

8 

9 

6 

3 

3 

4 

4 

5 

6 

7 

0 

2 

3 

3 

3 

1 

4 

S 

3 

3 

l 

5 

3 

3 

4 

3 

3 

4 

4 

3 

3 

3 

3 

1 

3 

3 

l 

4 

4 

♦ 

M 

4* 

4“ 

4- 

4* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

♦ 

A 

4 

4- 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

«- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4" 

4 

♦ 

4* 

♦ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

♦ 

A 

M 

A 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

A 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4“ 

♦ 

4- 

4 

4 

4 

4 

4 

4 

♦ 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

A 

♦ 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

A 

A 

A 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

A 

4 

A 

A 

4- 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

A 

♦ 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

4 

4 

A 

4- 

4- 

4* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4 

4- 

4- 

4- 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4“ 

4* 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4- 

4- 

A 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4 

4- 

A 

4 

* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

4 

4 

4- 

4“ 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4- 

4 

4* 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4* 

4- 

4* 

4* 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4* 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

A 

4- 

4- 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

M 

M 

4- 

4- 

4- 

4 

4 

4 

M 

4 

M 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4* 

4 

4* 

4 

M 

4 

4 

V. 

4 

- 

4 

4 

4 

4 

4 

4 

i 

4 

i 

4 

4 

4 

4 

4 

M 

M 

4“ 

4 

* 

4 

4 

4 

4 

4 

4 

4 

f 

4 

4 

4 

4 

4 

4 

4 

4 

- 

4 

4 

X 

4 

4 

4 

4 

4* 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

4* 

4- 

4“ 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4- 

4* 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4* 

4- 

4* 

4- 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

4 

4 

4- 

4- 

4 

4* 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4- 

4- 

4- 

4- 

4 

4 

4 

M 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

X 

X 

+ 

M 

M 

M 

M 

M 

M 

+ 

M 

4 

4 

M 

4 

M 

M 

M 

M 

+ 

+ 

M 

M 

M 

M 

M 

A 

4 

4 

4- 

4- 

4* 

4 

4 

4 

4 

+ 

4 

4 

4 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

+ 

4 

X 

X 

X 

M 

*4- 

4 

4- 

4- 

4* 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

4 

M 

i 

M 

M 

4 

4 

4 

4 

p-Chloroaniline  Hydrochloride.  XTP  TR  351 


186 


TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  HIGH  DOSE 

(Continued) 


’WEEKS' ON' 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Payer’s  patch,  lymphoma  malignant 
mixed 
Liver 

Hemangiosarco  ma 
Hemangiosarcoma,  multiple 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  mixed 
Pancreas 

Hemangiosarcoma 
Lymphoma  malignant  mixed 
Salivary  glands 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  forestomach 
Stomach,  glandular 
Adenocarcinoma 

Serosa,  fibrosarcoma,  metastatic,  skin 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Fibrosarcoma,  metastatic,  multiple,  skin 

ENDOCRINE  “SYSTEM 

Adrenal  gland 
Capsule,  adenoma 
Adrenal  gland,  cortex 
Fibrosarcoma,  metastatic,  skin 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Thyroid  gland 
Follicular  cell,  adenoma 

GENERAL- DODY  SYSTEM 

None 

CENTTATSYSTEM  

Epididymis 

Lymphoma  malignant  mixed 
Preputial  gland 
Prostate 
Seminal  vesicle 
Testes 

HEMATOPOIETIC  SYSTEM 

Bone  marrow 

Lymphoma  malig  nant  mixed 
Femoral,  hemangiosarcoma 
Lymph  node 

Lymphoma  malignant  mixed 
Lumbar,  lymphoma  malignant  mixed 
Mediastinal,  lymphoma  malig.  mixed 
Pancreatic,  lympnoma  malignant  mixed 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  mixed 
Mast  cell  tumor  benign 
Mediastinal,  fibrosarcoma,  metastatic, 
skin 

Lymph  node,  mesenteric 
Lymphoma  malignant  mixed 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  HIGH  DOSE 

(Continued) 


WEEKS  ON 
STUDY 

<r  "o  o'o  o o o o o o o"o  o — i — i — i — i — i — i — i — i — i — r~i — r~ 

5777899999999000000000000 

7025606788899444444444455 

CARCASS 

ID 

“ U 5 — 0 — 0 — 0 — 0 — ITT — 0 ff  "T  0 — 0 — 0 — 0 — 0 0 0 — 0 — 0 — 0 — 0 — I — 0 — IT- 
1187566389098963344567022 
3214353155343244535213514 

INTEtU/MENTARY  SYSTEM 

Mammary  gland 

Skin 

MMMMMMMMMMMMMMMMMMMMMMMMM 
+ + A + + + + + + + + + + + + + + + + + + + + -K  + 

Ba  so  squamous  tumor  benign 
Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 

X 

X XX  X 

MUSCt/LOSkELETAL  SYSTEM 
Bone 

Skeletal  muscle 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
+ + + 

Intercostal,  fibrosarcoma,  metastatic, 
skin 

X 

NERVOUS  SYSTEM 
Brain 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  multiple,  skin 
Hemangiosarcoma,  metastatic,  liver 
Hepatocellular  carcinoma,  metastatic. 

+ + + + + + + + + + + + + + + + + + + + + + + + + 
X X 

X 
X 

X 

liver 

X X XX  XX  X 

Lymphoma  malignant  mixed 
Nose 
Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + M + + + + + + + + + + + + + + + + + + + + + + 

special  senses  system 

Eye 

Harderian  gland 
Adenoma 

Adenoma,  multiple 

M+  + + + + + + + + MM+  + + + + +MM+  + + M + 

X X 

X 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  mixed 

+ + A + + + + + + + + + + + + + + + + + + + + + + 

Urinary  bladder 

+ + + + + + + + + + -»-  + + + + + + + + + + + + + + 
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TABLE  C2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  MALE  MICE:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


INTEGUMENTARY  SYSTEM 

Mammary  gland 

Skin 

Basosquamous  tumor  benign 
Subcutaneous  tissue,  fibroma 
Subcutaneous  tissue,  fibrosarcoma 

MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

Intercostal,  fibrosarcoma,  metastatic, 
skin 

NERVOUS  SYSTEM 

Brain 

RESPIRATORY  SYSTEM 
Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  multiple,  skin 
Hemangiosarcoma,  metastatic,  liver 
Hepatocellular  carcinoma,  metastatic, 
liver 

Lymphoma  malignant  mixed 
Nose 
Trachea 

SPECIAL  SEN5ESSYSTEM 

Eye 

Harderian  gland 
Adenoma 

Adenoma,  multiple 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  mixed 
Urinary  bladder 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE 


Vehicle  Control  3 mg/kg 

10  mg/kg 

30  mg/kg 

Harderian  Gland:  Adenoma 

Overall  Rates  (a) 

5/50(10%) 

2/49(4%) 

1/50  (2%) 

5/50(10%) 

Adjusted  Rates  (b) 

11.6% 

5.6% 

3.4% 

13.8% 

Terminal  Rates  (c) 

5/43(12%) 

2/36(6%) 

1/29  (3%) 

4/35(11%) 

Day  of  First  Observation 

728 

728 

728 

690 

Life  Table  Tests  (d) 

P = 0.279 

P = 0.293N 

P = 0.214N 

P = 0.502 

Logistic  Regression  Tests  (d) 

P = 0.310 

P = 0.293N 

P = 0.214N 

P = 0.576 

Cochran- Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.350 

P = 0.226N 

P = 0.102N 

P = 0.630 

Liver:  Hepatocellular  Adenoma 

Overall  Rates  (a) 

9/50(18%) 

15/49(31%) 

10/50  (20%) 

4/50  (8%) 

Adjusted  Rates  (b) 

20.9% 

36.0% 

29.1% 

11.4% 

Terminal  Rates  (c) 

9/43(21%) 

10/36  (28%) 

7/29(24%) 

4/35(11%) 

Day  of  First  Observation 

728 

432 

443 

728 

Life  Table  Tests  (d) 

P = 0.044N 

P = 0.060 

P = 0.205 

P = 0.209N 

Logistic  Regression  Tests  (d) 

P = 0.020N 

P = 0.097 

P = 0.478 

P = 0.209N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.019N 

P = 0.109 

P = 0.500 

P = 0.117N 

Liver:  Hepatocellular  Carcinoma 

Overall  Rates  (a) 

3/50  (6%) 

7/49(14%) 

11/50(22%) 

17/50  (34%) 

Adjusted  Rates  (b) 

7.0% 

16.3% 

25.9% 

37.9% 

Terminal  Rates  (c) 

3/43  (7%) 

2/36  (6%) 

1/29(3%) 

8/35  (23%) 

Day  of  First  Observation 

728 

637 

514 

490 

Life  Table  Tests  (d) 

PC0.001 

P = 0.127 

P = 0.011 

PcO.001 

Logistic  Regression  Tests  (d) 

P<0.001 

P = 0.149 

P = 0.034 

P<0.001 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

PC0.001 

P = 0.151 

P = 0.020 

P<0.001 

Liver:  Hepatocellular  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

11/50(22%) 

21/49(43%) 

20/50(40%) 

21/50(42%) 

Adjusted  Rates  (b) 

25.6% 

46.4% 

47.0% 

47.1% 

Terminal  Rates  (c) 

11/43(26%) 

12/36(33%) 

8/29  (28%) 

12/35(34%) 

Day  of  First  Observation 

728 

432 

443 

490 

Life  Table  Tests  (d) 

P = 0.081 

P = 0.012 

P = 0.007 

P = 0.010 

Logistic  Regression  Tests  (d) 

P = 0.1 17 

P = 0.019 

P = 0.045 

P = 0.027 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.115 

P = 0.022 

P = 0.041 

P = 0.026 

Lung:  Alveolar/Bronchiolar  Adenoma 

Overall  Rates  (a) 

5/50(10%) 

(e)  4/10  (40%) 

(e)  5/14(36%) 

4/50  (8%) 

Adjusted  Rates  (b) 

11.6% 

10.5% 

Terminal  Rates  (c) 

5/43(12%) 

2/35  (6%) 

Day  of  First  Observation 

728 

682 

Life  Table  Test(d) 

P = 0.61  IN 

Logistic  Regression  Test  (d) 

P = 0.546N 

Fisher  Exact  Test  (d) 

P = 0.500N 

Lung:  Alveolar/Bronchiolar  Carcinoma 

Overall  Rates  (a) 

3/50(6%) 

(e)  1/10(10%) 

(e)  3/14(21%) 

3/50  (6%) 

Adjusted  Rates  (b) 

7.0% 

8.3% 

Terminal  Rates  (c) 

3/43(7%) 

2/35  (6%) 

Day  of  First  Observation 

728 

725 

Life  Table  Test(d) 

P = 0.566 

Logistic  Regression  Test  (d) 

P = 0.594 

Fisher  Exact  Test  (d) 

P = 0.661N 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control  3 mg/kg  10  mg/kg  30  mg/kg 


Lung:  Alveolar/Bronchiolar  Adenoma  or  Carcinoma 


Overall  Rates  (a) 

8/50(16%) 

(e)  5/10(50%) 

(e)  7/14(50%) 

6/50(12%) 

Adjusted  Rates  (b) 

18.6% 

15.9% 

Terminal  Rates  (c) 

8/43(19%) 

4/35(11%) 

Day  of  First  Observation 

728 

682 

Life  Table  Test  (d) 

P = 0.538N 

Logistic  Regression  Test  (d) 

P = 0.456N 

Fisher  Exact  Test  (d) 

P = 0.387N 

Subcutaneous  Tissue:  Fibroma 

Overall  Rates  (a) 

3/50  (6%) 

4/49  (8%) 

5/50(10%) 

1/50  (2%) 

Adjusted  Rates  (b) 

7.0% 

10.4% 

16.2% 

2.9% 

Terminal  Rates  (c) 

3/43  (7%) 

3/36  (8%) 

4/29(14%) 

1/35  (3%) 

Day  of  First  Observation 

728 

667 

674 

728 

Life  Table  Tests  (d) 

P = 0.228N 

P = 0.416 

P = 0.180 

P = 0.381N 

Logistic  Regression  Tests  (d) 

P = 0.191N 

P = 0.465 

P = 0.255 

P = 0.381N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.174N 

P = 0.489 

P = 0.357 

P = 0.309N 

Subcutaneous  Tissue:  Fibrosarcoma 

Overall  Rates  (a) 

6/50(12%) 

3/49(6%) 

9/50(18%) 

4/50  (8%) 

Adjusted  Rates  (b) 

12.8% 

8.3% 

21.8% 

10.2% 

Terminal  Rates  (c) 

3/43  (7%) 

3/36  (8%) 

2/29  (7%) 

1/35  (3%) 

Day  of  First  Observation 

502 

728 

389 

682 

Life  Table  Tests  (d) 

P = 0.496N 

P = 0.317N 

P = 0.180 

P = 0.450N 

Logistic  Regression  Tests  (d) 

P = 0.428N 

P = 0.221N 

P = 0.496 

P = 0.321N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.436N 

P = 0.254N 

P = 0.288 

P = 0.370N 

Subcutaneous  Tissue:  Fibroma  or  Fibrosarcoma 

Overall  Rates  (a) 

8/50  (16%) 

7/49(14%) 

13/50  (26%) 

5/50(10%) 

Adjusted  Rates  (b) 

17.2% 

18.6% 

32.5% 

12.9% 

Terminal  Rates  (c) 

5/43(12%) 

6/36(17%) 

5/29(17%) 

2/35  (6%) 

Day  of  First  Observation 

502 

667 

389 

682 

Life  Table  Tests  (d) 

P = 0.317N 

P = 0.601 

P = 0.068 

P = 0.379N 

Logistic  Regression  Tests  (d) 

P = 0.226N 

P = 0.507N 

P = 0.273 

P = 0.249N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.232N 

P = 0.517N 

P = 0.163 

P = 0.277N 

Subcutaneous  Tissue:  Sarcoma  or  Fibrosarcoma 

Overall  Rates  (a) 

6/50(12%) 

3/49(6%) 

10/50(20%) 

4/50(8%) 

Adjusted  Rates  (b) 

12.8% 

8.3% 

23.8% 

10.2% 

Terminal  Rates  (c) 

3/43  (7%) 

3/36  (8%) 

2/29  (7%) 

1/35(3%) 

Day  of  First  Observation 

502 

728 

389 

682 

Life  Table  Tests  (d) 

P = 0.491N 

P = 0.317N 

P = 0.125 

P = 0.450N 

Logistic  Regression  Tests  (d) 

P = 0.423N 

P = 0.221N 

P = 0.388 

P = 0.321N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.431N 

P = 0.254N 

P = 0.207 

P = 0.370N 

Subcutaneous  Tissue:  Fibroma,  Sarcoma,  or  Fibrosarcoma 

Overall  Rates  (a) 

8/50(16%) 

7/49(14%) 

14/50(28%) 

5/50(10%) 

Adjusted  Rates  (b) 

17.2% 

18.6% 

34.1% 

12.9% 

Terminal  Rates  (c) 

5/43(12%) 

6/36(17%) 

5/29(17%) 

2/35(6%) 

Day  of  First  Observation 

502 

667 

389 

682 

Life  Table  Tests  (d) 

P = 0.316N 

P = 0.601 

P = 0.048 

P = 0.379N 

Logistic  Regression  Tests  (d) 

P=0.225N 

P = 0.507N 

P = 0.204 

P = 0.249N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.231N 

P = 0.517N 

P = 0.114 

P = 0.277N 
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TABLE  C3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  MALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY  OF 

p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

3 mg/kg 

10  mg/kg 

30  mg/kg 

Thyroid  Gland:  Follicular  Cell  Adenoma 

Overall  Rates  (a) 

Adjusted  Rates  (b) 

Terminal  Rates  (c) 

Day  of  First  Observation 
Life  Table  Test  (d) 

Logistic  Regression  Test  (d) 
Fisher  Exact  Test  (d) 

4/50(8%) 

9.3% 

4/43(9%) 

728 

(e)  0/5  (0%) 

(e)  0/7  (0%) 

3/48(6%) 

8.6% 

3/35  (9%) 
728 

P = 0.612N 
P = 0.612N 
P = 0.523N 

Circulatory  System:  Hemangiosarcoma 

Overall  Rates  (a) 

4/50  (8%) 

4/49  (8%) 

1/50(2%) 

10/50(20%) 

Adjusted  Rates  (b) 

9.3% 

9.7% 

3.4% 

23.9% 

Terminal  Rates  (c) 

4/43  (9%) 

2/36  (6%) 

1/29(3%) 

5/35(14%) 

Day  of  First  Observation 

728 

479 

728 

399 

Life  Table  Tests  (d) 

P = 0.011 

P = 0.560 

P = 0.315N 

P = 0.047 

Logistic  Regression  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

P = 0.014 
P = 0.0I4 

P = 0.639N 

P = 0.315N 

P = 0.083 

Fisher  Exact  Test  (d) 

Hematopoietic  System:  Lymphoma,  All  Malignant 

P = 0.631 

P = 0.181N 

P = 0.074 

Overall  Rates  (a) 

10/50(20%) 

3/49  (6%) 

9/50(18%) 

3/50(6%) 

Adjusted  Rates  (b) 

21.6% 

7.7% 

23.9% 

8.0% 

Terminal  Rates  (c) 

7/43(16%) 

1/36(3%) 

4/29(14%) 

2/35(6%) 

Day  of  First  Observation 

496 

674 

423 

682 

Life  Table  Tests  (d) 

P = 0.149N 

P = 0.072N 

P = 0.443 

P = 0.074N 

Logistic  Regression  Tests  (d) 
Cochran-Armitage  Trend  Test  (d) 

P = 0.095N 
P = 0.098N 

P = 0.037N 

P = 0.397N 

P = 0.034N 

Fisher  Exact  Test  (d) 

P = 0.039N 

P = 0.500N 

P = 0.036N 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  at  the  site;  doses  calculated  as  p-chloroaniline. 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  at  terminal  kill 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  logistic  regres- 
sion test  regards  these  lesions  as  nonfatal.  The  Cochran- Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  lower  incidence  in  a dosed  group  is  indicated  by  ( N). 

(e)  Incomplete  sampling  of  tissues 
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TABLE  C4a.  HISTORICAL  INCIDENCE  OF  HEPATOCELLULAR  TUMORS  IN  MALE  B6C3Ft  MICE  (a) 


Incidence  in  Controls 

Study 

Adenoma 

Carcinoma 

Adenoma  or  Carcinoma 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls 
Iodinated  glycerol  (b)  8/50 

2/50 

10/50 

Chlorpheniramine  maleate  (c) 

10/50 

6/50 

16/50 

Tetrakis(hydroxymethyl)phosphonium  chloride  (c) 

8/49 

10/49 

17/49 

Malonaldehyde,  sodium  salt  (c) 

4/50 

14/50 

17/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate  (c) 

9/48 

10/48 

18/48 

Methyl  carbamate  (d) 

9/50 

5/50 

14/50 

Chlorinated  trisodium  phosphate  (b) 

6/50 

9/50 

14/50 

TOTAL 

54/347(15.6%) 

56/347(16.1%) 

106/347(30.5%) 

SD  (e) 

4.21% 

8.03% 

5.83% 

Range  (f) 

High 

10/50 

14/50 

18/48 

Low 

4/50 

2/50 

10/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL  259/2,032(12.7%) 

379/2,032  (18.7%) 

609/2,032(30.0%) 

SD  (e) 

7.21% 

6.50% 

7.59% 

Range  (f) 

High 

(g)  22/50 

15/50 

(h)  29/50 

Low 

0/49 

4/50 

8/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  Study  performed  at  EG&G  Mason  Research  Institute 

(c)  Study  performed  at  Battelle  Columbus  Laboratories 

(d)  Study  performed  at  Microbiological  Associates 

(e)  Standard  deviation 

(f)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 

(g)  Second  highest:  12/50 

(h)  Second  highest:  20/50 
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TABLE  C4b.  HISTORICAL  INCIDENCE  OF  CIRCULATORY  SYSTEM  TUMORS  IN  MALE  B6C3FX  MICE  (a) 


Study 

Incidence  in  Controls 

Hemangioma 

Heraangiosarcoma 

Hemangioma  or 
Hemangiosarcoma 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls 

lodinated  glycerol  (b) 

0/50 

0/50 

0/50 

Chlorpheniramine  maleate  (c) 

1/50 

0/50 

1/50 

Tetrakis(hydroxymethyl)phosphonium  chloride  (c) 

0/50 

0/50 

0/50 

Malonaldehyde,  sodium  salt  (c) 

1/50 

0/50 

1/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate  (c) 

0/50 

4/50 

4/50 

Methyl  carbamate  (d) 

1/50 

1/50 

2/50 

Chlorinated  trisodium  phosphate  (b) 

1/50 

2/50 

3/50 

TOTAL 

4/350(1.1%) 

7/350(2.0%) 

11/350  (3.1%) 

SD  (e) 

1.07% 

3.06% 

3.02% 

Range  (f) 

1/50 

4/50 

4/50 

Low 

0/50 

0/50 

0/50 

High 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

26/2,040(1.3%) 

73/2,040(3.6%) 

98/2,040  (4.8%) 

SD  (e) 

2.68% 

2.46% 

3.99% 

Range  (f) 

High 

7/50 

5/49 

10/50 

Low 

0/50 

0/50 

0/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  Study  performed  at  EG&G  Mason  Research  Institute 

(c)  Study  performed  at  Battelle  Columbus  Laboratories 

(d)  Study  performed  at  Microbiological  Associates 

(e)  Standard  deviation 

(f)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  C4c.  HISTORICAL  INCIDENCE  OF  HEMATOPOIETIC  SYSTEM  TUMORS  IN  MALE  B6C3F, 

MICE  (a) 


Study 

Incidence  in  Controls 

Lymphoma  Lymphoma  or  Leukemia 

Historical  Incidence  for  All  Water  Gavage  Vehicle  Controls 

Iodinated  glycerol  (b) 

10/50 

10/50 

Chlorpheniramine  maleate  (c) 

9/50 

9/50 

Tetrakis(hydroxymethyl)phosphonium  chloride  (c) 

9/50 

9/50 

Malonaldehyde,  sodium  salt  (c) 

4/50 

4/50 

Tetrakis(hydroxymethyl)phosphonium  sulfate  (c) 

2/50 

2/50 

Methyl  carbamate  (d) 

4/50 

4/50 

Chlorinated  trisodium  phosphate  (b) 

4/50 

4/50 

TOTAL 

42/350(12.0%) 

42/350(12.0%) 

SD  (e) 

6.43% 

6.43% 

Range  (f) 

High 

10/50 

10/50 

Low 

2/50 

2/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

248/2,040(12.2%) 

252/2,040(12.4%) 

SD  (e) 

6.83% 

6.94% 

Range  (f) 

High 

16/50 

16/50 

Low 

1/50 

1/50 

(a)  Data  as  of  April  29, 1987,  for  studies  of  at  least  104  weeks 

(b)  Study  performed  at  EG&G  Mason  Research  Institute 

(c)  Study  performed  at  Battelle  Columbus  Laboratories 

(d)  Study  performed  at  Microbiological  Associates 

(e)  Standard  deviation 

(f)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals. 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

49 

50 

50 

ALIMENTARY  SYSTEM 

Gallbladder 

(45) 

(4) 

(47) 

Necrosis,  acute,  multifocal 

1 (25%) 

Lumen,  crystals,  diffuse 

1 (2%) 

Submucosa,  fibrosis,  diffuse 

1 (25%) 

Intestine  large,  colon 

(48) 

(6) 

(7) 

(48) 

Inflammation,  necrotizing,  acute,  multifocal 

1 (17%) 

Parasite  metazoan 

1 (17%) 

3 (6%) 

Intestine  large,  rectum 

(46) 

(1) 

(5) 

(50) 

Parasite  metazoan 

2 (4%) 

Liver 

(50) 

(49) 

(50) 

(50) 

Amyloid  deposition,  multifocal 

1 (2%) 

Angiectasis,  focal 

1 (2%) 

2 (4%) 

Angiectasis,  multifocal 

3 (6%) 

Clear  cell  focus,  focal 

1 (2%) 

Cyst 

1 (2%) 

1 (2%) 

Hematopoietic  cell  proliferation,  diffuse 

1 (2%) 

2 (4%) 

Hematopoietic  cell  proliferation,  focal 

1 (2%) 

Hematopoietic  cell  proliferation,  multifocal 

6 (12%) 

4 (8%) 

6 (12%) 

3 (6%) 

Inflammation 

1 (2%) 

Inflammation,  acute,  multifocal 

1 (2%) 

Inflammation,  chronic,  multifocal 

2 (4%) 

Inflammation,  chronic  active,  multifocal 

1 (2%) 

Necrosis,  acute,  multifocal 

1 (2%) 

Necrosis,  chronic  active,  focal 

1 (2%) 

Necrosis,  chronic  active,  multifocal 

1 (2%) 

1 (2%) 

6 (12%) 

Necrosis,  coagulative,  focal 

1 (2%) 

Thrombus,  chronic 

2 (4%) 

Vacuolization  cytoplasmic,  focal 

1 (2%) 

Bile  duct,  hyperplasia,  multifocal 

2 (4%) 

Centrilobular,  necrosis,  acute,  multifocal 

1 (2%) 

Centrilobular,  vacuolization  cytoplasmic. 

diffuse 

4 (8%) 

4 (8%) 

Hepatocyte,  cytomegaly,  diffuse 

1 (2%) 

Hepatocyte,  hyperplasia,  focal 

1 (2%) 

Kupffer  cell,  pigmentation,  hemosiderin 

50  (100%) 

Pancreas 

(49) 

(3) 

(7) 

(49) 

Inflammation,  chronic,  multifocal 

1 (2%) 

Acinus,  atrophy,  focal 

1 (2%) 

Acinus,  atrophy,  multifocal 

6 (12%) 

4 (8%) 

Tooth 

(50) 

(5) 

(7) 

(50) 

Incisor,  dysplasia,  multifocal 

1 (2%) 

Molar,  dysplasia 

1 (2%) 

1 (2%) 

Peridontal  tissue,  foreign  body,  focal 

2 (4%) 

Peridontal  tissue,  foreign  body,  multifocal 

1 (2%) 

Peridontal  tissue,  inflammation,  chronic 

active,  focal 

3 (6%) 

4 (8%) 

Peridontal  tissue,  inflammation,  chronic 

active,  multifocal 

6 (12%) 

3 (6%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(5) 

(8) 

(50) 

Coronary  artery,  inflammation,  chronic 

active,  focal 

1 (2%) 
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TABLE  C5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  MALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

ENDOCRINE  SYSTEM 

Adrenal  gland 

(49) 

(5) 

(7) 

(50) 

Capsule,  ectopic  tissue 

2 (4%) 

Capsule,  hyperplasia,  focal 

2 (4%) 

1 (20%) 

1 (2%) 

Capsule,  hyperplasia,  multifocal 

44  (90%) 

1 (20%) 

4 (57%) 

44  (88%) 

Adrenal  gland,  cortex 

(49) 

(5) 

(7) 

(50) 

Cyst 

2 (4%) 

Hyperplasia,  focal 

11  (22%) 

5 (10%) 

Hyperplasia,  multifocal 

1 (2%) 

Hypertrophy,  focal 

9 (18%) 

10  (20%) 

Hypertrophy,  multifocal 

5 (10%) 

Necrosis,  acute,  focal 

1 (2%) 

Vacuolization  cytoplasmic,  focal 

1 (2%) 

Adrenal  gland,  medulla 

(49) 

(4) 

(7) 

(50) 

Hyperplasia,  focal 

1 (2%) 

Parathyroid  gland 

(36) 

(4) 

(1) 

(38) 

Cyst 

1 (3%) 

Pituitary  gland 

(40) 

(4) 

(4) 

(41) 

Pars  distalis,  cyst 

1 (3%) 

2 (5%) 

Pars  distalis,  cyst,  multiple 

1 (2%) 

Pars  distalis,  hyperplasia,  focal 

1 (2%) 

Thyroid  gland 

(50) 

(5) 

(7) 

(48) 

Inflammation,  chronic  active,  multifocal 

1 (2%) 

Follicle,  cyst,  multiple 

1 (2%) 

Follicular  cell,  hyperplasia,  focal 

1 (2%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Epididymis 

(49) 

(5) 

(7) 

(49) 

Infiltration  cellular,  lymphocytic,  multifocal 

2 (4%) 

Inflammation,  chronic,  multifocal 

1 (2%) 

Inflammation,  chronic  active,  multifocal 

4 (8%) 

Penis 

(1) 

(2) 

Concretion,  chronic  active,  multifocal 

1 (100%) 

Inflammation,  chronic  active,  multifocal 

1 (100%) 

Preputial  gland 

(2) 

(3) 

(5) 

(5) 

Atrophy,  diffuse 

2 (100%) 

Atrophy,  multifocal 

1 (20%) 

1 (20%) 

Inflammation,  chronic  active,  diffuse 

1 (50%) 

Inflammation,  chronic  active,  multifocal 

2 (67%) 

1 (20%) 

1 (20%) 

Inflammation,  suppurative,  multifocal 

2 (40%) 

Duct,  dilatation,  focal 

1 (33%) 

1 (20%) 

Duct,  dilatation,  multifocal 

1 (50%) 

2 (40%) 

Prostate 

(48) 

(4) 

(7) 

(50) 

Inflammation,  acute,  diffuse 

1 (2%) 

Inflammation,  chronic  active,  multifocal 

1 (25%) 

1 (2%) 

Epithelium,  hyperplasia,  focal 

1 (2%) 

Testes 

(49) 

(5) 

(7) 

(50) 

Germinal  epithelium,  degeneration,  chronic, 

multifocal 

1 (2%) 
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TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

HEMATOPOIETIC  SYSTEM 

Blood 

(2) 

(2) 

Neutrophilia 

2 (100%) 

1 (50%) 

Bone  marrow 

(50) 

(3) 

(7) 

(50) 

Hyperplasia,  neutrophil,  diffuse 

3 (6%) 

1 (14%) 

5 

(10%) 

Hyperplasia,  neutrophil,  multifocal 

1 (2%) 

Thrombus,  chronic  active 

1 (2%) 

Femoral,  angiectasis,  focal 

2 

(4%) 

Lymph  node 

(49) 

(25) 

(28) 

(49) 

Mediastinal,  hematopoietic  cell 

proliferation,  diffuse 

1 (2%) 

Mediastinal,  hematopoietic  cell 

proliferation,  multifocal 

2 (4%) 

1 

(2%) 

Pancreatic,  hematopoietic  cell 

proliferation,  multifocal 

1 (2%) 

Renal,  hyperplasia,  plasma  cell,  multifocal 

1 (2%) 

Lymph  node,  mandibular 

(48) 

(8) 

(9) 

(49) 

Depletion  lymphoid,  diffuse 

1 (13%) 

Hematopoietic  cell  proliferation,  multifocal 

1 (2%) 

Hyperplasia,  lymphoid,  multifocal 

2 (4%) 

3 (38%) 

1 (11%) 

Hyperplasia,  plasma  cell,  multifocal 

2 (4%) 

1 (11%) 

3 

(6%) 

Lymphocyte,  necrosis,  multifocal 

1 

(2%) 

Lymph  node,  mesenteric 

(22) 

(19) 

(20) 

(17) 

Angiectasis,  multifocal 

1 (5%) 

Hematocyst,  chronic  active 

1 

(6%) 

Hematopoietic  cell  proliferation,  multifocal 

10  (45%) 

18  (95%) 

18  (90%) 

14 

(82%) 

Hemorrhage,  multifocal 

4 (18%) 

Hyperplasia,  lymphoid,  diffuse 

1 (5%) 

Hyperplasia,  lymphoid,  multifocal 

1 

(6%) 

Inflammation,  chronic,  multifocal 

I 

(6%) 

Inflammation,  granulomatous,  focal 

1 (5%) 

Inflammation,  suppurative,  multifocal 

1 (5%) 

Spleen 

(50) 

(47) 

(49) 

(49) 

Amyloid  deposition,  multifocal 

1 (2%) 

Angiectasis,  focal 

1 (2%) 

2 

(4%) 

Angiectasis,  multifocal 

1 (2%) 

Lymphoid  follicle,  depletion  lymphoid, 

multifocal 

1 (2%) 

Lymphoid  follicle,  necrosis,  acute,  multifocal 

1 (2%) 

Red  pulp,  angiectasis,  focal 

1 

(2%) 

Red  pulp,  fibrosis 

1 (2%) 

Red  pulp,  fibrosis,  multifocal 

1 (2%) 

1 

(2%) 

Red  pulp,  hematopoietic  cell  proliferation. 

diffuse 

50  (100%) 

47  (100%) 

49  (100%) 

48 

(98%) 

Red  pulp,  pigmentation,  hemosiderin, 

multifocal 

37  (74%) 

47  (100%) 

45  (92%) 

48 

(98%) 

Thymus 

(36) 

(3) 

(27) 

Cyst,  multiple 

I 

(4%) 

Depletion  lymphoid,  multifocal 

1 

(4%) 

Necrosis,  acute,  multifocal 

1 (3%) 

2 

(7%) 

INTEGUMENTARY  SYSTEM 

Skin 

(49) 

(27) 

(28) 

(49) 

Acanthosis,  diffuse 

1 (2%) 

3 (11%) 

5 (18%) 

4 

(8%) 

Acanthosis,  focal 

2 (7%) 

1 

(2%) 

Acanthosis,  multifocal 

9 (18%) 

4 (15%) 

2 (7%) 

7 

(14%) 

Alopecia 

1 

(2%) 

Hyperkeratosis,  multifocal 

1 (2%) 

1 

(2%) 

Inflammation,  chronic  active,  multifocal 

1 (4%) 

Parasite  external 

7 (14%) 

12 

(24%) 
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TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

INTEGUMENTARY  SYSTEM 

Skin  (Continued) 

(49) 

(27) 

(28) 

(49) 

Ulcer 

6 

(12%) 

9 (33%) 

8 (29%) 

5 

(10%) 

Ulcer,  multiple 

4 

(8%) 

Sebaceous  gland,  hyperplasia,  focal 

1 (4%) 

Subcutaneous  tissue,  fibrosis,  diffuse 

1 

(2%) 

1 (4%) 

4 (14%) 

3 

(6%) 

Subcutaneous  tissue,  fibrosis,  focal 

1 

(2%) 

2 (7%) 

1 (4%) 

1 

(2%) 

Subcutaneous  tissue,  fibrosis,  multifocal 

5 

(10%) 

4 (15%) 

1 (4%) 

2 

(4%) 

Subcutaneous  tissue,  inflammation,  acute, 

multifocal 

1 (4%) 

Subcutaneous  tissue,  inflammation,  chronic 

active,  diffuse 

1 (4%) 

2 (7%) 

Subcutaneous  tissue,  inflammation,  chronic 

active,  focal 

2 (7%) 

1 

(2%) 

Subcutaneous  tissue,  inflammation,  chronic 

active,  multifocal 

2 

(4%) 

5 (19%) 

1 (4%) 

7 

(14%) 

Subcutaneous  tissue,  inflammation,  multifocal 

1 (4%) 

Subcutaneous  tissue,  mineralization,  multifocal 

1 (4%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(49) 

(28) 

(26) 

(50) 

Bilateral,  joint,  radius,  hyperostosis 

1 

(2%) 

Bilateral,  joint,  tarsal,  hyperostosis 

10 

(20%) 

21  (75%) 

16  (62%) 

11 

(22%) 

Bilateral,  joint,  tarsal,  metaplasia,  osseous, 

multifocal 

10 

(20%) 

21  (75%) 

16  (62%) 

11 

(22%) 

Joint,  tarsal,  hyperostosis 

11 

(22%) 

2 (7%) 

4 (15%) 

9 

(18%) 

Joint,  tarsal,  metaplasia,  osseous,  multifocal 

l 11 

(22%) 

2 (7%) 

4 (15%) 

9 

(18%) 

NERVOUS  SYSTEM 

None 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(10) 

(14) 

(50) 

Alveolar  epithelium,  hyperplasia,  focal 

1 

(2%) 

1 (7%) 

4 

(8%) 

Interstitium,  inflammation,  acute,  diffuse 

1 

(2%) 

Interstitium,  inflammation,  acute,  multifocal 

1 

(2%) 

Interstitium,  inflammation,  chronic  active, 

focal 

1 

(2%) 

Interstitium,  inflammation,  chronic  active, 

multifocal 

1 

(2%) 

1 (10%) 

Nose 

(50) 

- 

(5) 

(7) 

(50) 

Respiratory  epithelium,  inflammation,  acute, 

multifocal 

1 (14%) 

1 

(2%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(2) 

(1) 

(3) 

Cataract 

1 

(50%) 

1 

(33%) 

Inflammation,  chronic,  multifocal 

1 

(33%) 

Lens,  cataract,  multifocal 

1 (100%) 

Retina,  atrophy,  multifocal 

1 (100%) 

Harderian  gland 

(50) 

(5) 

(7) 

(40) 

Inflammation,  chronic  active,  multifocal 

1 (14%) 

Acinus,  dilatation,  diffuse 

1 

(2%) 

Acinus,  hyperplasia,  multifocal 

1 

(3%) 
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table  cs.  summary  of  the  incidence  of  nonneoplastic  lesions  in  male  mice  in  the 

TWO-YEAR  GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

URINARY  SYSTEM 

Kidney 

(50) 

(6) 

(10) 

(49) 

Amyloid  deposition,  multifocal 

1 (10%) 

Cyst 

1 

(2%) 

Infarct,  chronic,  focal 

1 (17%) 

1 (10%) 

Inflammation,  suppurative,  acute,  multifocal 

3 (50%) 

Mineralization,  focal 

1 (17%) 

Nephropathy,  chronic,  focal 

3 (6%) 

1 

(2%) 

Nephropathy,  chronic,  multifocal 

2 (4%) 

3 (30%) 

7 

(14%) 

Bilateral,  hydronephrosis,  acute,  multifocal 

1 (2%) 

Cortex,  inflammation,  chronic,  multifocal 

1 

(2%) 

Perivascular,  infiltration  cellular, 

lymphocytic,  multifocal 

1 

(2%) 

Renal  tubule,  atypical  cells,  multifocal 

1 

(2%) 

Renal  tubule,  degeneration,  multifocal 

1 

(2%) 

Renal  tubule,  pigmentation,  hemosiderin. 

multifocal 

4 

(8%) 

Renal  tubule,  regeneration,  focal 

1 (2%) 

Renal  tubule,  regeneration,  multifocal 

33  (66%) 

30 

(61%) 

Urinary  bladder 

(49) 

(8) 

(ID 

(50) 

Dilatation 

1 (2%) 

4 (36%) 

Dilatation,  diffuse 

7 (88%) 

Submucosa,  congestion,  multifocal 

1 (2%) 

Submucosa,  necrosis,  acute,  multifocal 

1 

(2%) 
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TABLE  Dl.  SUMMARY  OF  THE  INCIDENCE  OF  NEOPLASMS  IN  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

50 

ALIMENTARY  SYSTEM 

Gallbladder 

(47) 

*(50) 

*(50) 

(46) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Intestine  small,  jejunum 

(46) 

*(50) 

*(50) 

(48) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Peyer’s  patch,  lymphoma  malignant 

lymphocytic 

1 (2%) 

Peyer’s  patch,  lymphoma  malignant  mixed 

1 (2%) 

I (2%) 

Peyer’s  patch,  lymphoma  malignant 

undifferentiated  cell  type 

1 (2%) 

Liver 

(50) 

(50) 

(50) 

(50) 

Carcinoma,  metastatic,  islets,  pancreatic 

1 (2%) 

Hemangiosarcoma 

1 (2%) 

I (2%) 

Hepatocellular  carcinoma 

1 (2%) 

2 (4%) 

3 (6%) 

Hepatocellular  carcinoma,  multiple 

2 (4%) 

Hepatocellular  adenoma 

5 (10%) 

6 (12%) 

6 (12%) 

8 (16%) 

Hepatocellular  adenoma,  multiple 

1 (2%) 

2 (4%) 

Lymphoma  malignant  histiocytic 

3 (6%) 

2 (4%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

6 (12%) 

4 (8%) 

3 (6%) 

Lymphoma  malignant  mixed 

3 (6%) 

1 (2%) 

2 (4%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

Mesentery 

*(50) 

*(50) 

*(50) 

*(50) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  mixed 

2 (4%) 

Pancreas 

(48) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

2 (4%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

3 (6%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 

Salivary  glands 

(47) 

*(50) 

*(50) 

(48) 

Lymphoma  malignant  histiocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

6 (13%) 

1 (2%) 

2 (4%) 

Lymphoma  malignant  mixed 

2 (4%) 

1 (2%) 

Stomach,  forestomach 

(48) 

*(50) 

*(50) 

(46) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Papilloma  squamous 

I (2%) 

1 (2%) 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

*(50) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

ENDOCRINE  SYSTEM 

Adrenal  gland 

(50) 

*(50) 

*(50) 

(49) 

Capsule,  adenoma 

2 (4%) 

Adrenal  gland,  cortex 

(50) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

I (2%) 

Adrenal  gland,  medulla 

(50) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Pheochromocytoma  malignant 

1 (2%) 

Pheochromocytoma  benign 

2 (4%) 

Islets,  pancreatic 

(48) 

*(50) 

*<50) 

(49) 

Carcinoma 

1 (2%) 
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GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

ENDOCRINE  SYSTEM  (Continued) 

Pituitary  gland 

(46) 

*(50) 

*(50) 

(42) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Pars  distalis,  adenoma 

3 (7%) 

1 (2%) 

2 (4%) 

3 (7%) 

Thyroid  gland 

(49) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Follicular  cell,  adenoma 

3 (6%) 

2 (4%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

(50) 

*(50) 

*(50) 

(47) 

Cystadenoma 

1 (2%) 

1 (2%) 

Fibrosarcoma,  metastatic,  skin 

1 (2%) 

Granulosa  cell  tumor  benign 

1 (2%) 

Lymphoma  malignant  histiocytic 

2 (4%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

3 (6%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Follicle,  adenoma 

1 (2%) 

Periovarian  tissue,  lymphoma  malignant 

lymphocytic 

2 (4%) 

Periovarian  tissue,  lymphoma  malignant  mixed 

1 (2%) 

Uterus 

(50) 

*(50) 

*(50) 

(48) 

Hemangioma 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

2 (4%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  mixed 

1 (2%) 

Polyp 

1 (2%) 

Polyp  stromal 

1 (2%) 

1 (2%) 

1 (2%) 

Cervix,  lymphoma  malignant  histiocytic 

1 (2%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(50) 

*(50) 

*(50) 

*(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

1 (2%) 

Lymphoma  malignant  undifferentiated  cell  type 

1 (2%) 

Bone  marrow 

(48) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

Femoral,  lymphoma  malignant  lymphocytic  1 (2%) 

Lymph  node  (48) 

Bronchial,  lymphoma  malignant  lymphocytic 
Bronchial,  lymphoma  malignant  mixed 
Lumbar,  lymphoma  malignant  histiocytic  2 (4%) 

Lumbar,  lymphoma  malignant  lymphocytic  2 ( 4% ) 

Lumbar,  lymphoma  malignant  mixed 
Mediastinal,  fibrosarcoma,  metastatic,  skin 
Mediastinal,  lymphoma  malignant  histiocytic  2 (4%) 


Mediastinal,  lymphoma  malignant 
lymphocytic  5 (10%) 

Mediastinal,  lymphoma  malignant  mixed  3 (6%) 

Mediastinal,  lymphoma  malignant 
undifferentiated  cell  type 
Pancreatic,  lymphoma  malignant  lymphocytic 
Renal,  fibrosarcoma,  metastatic,  skin  1 (2%) 

Renal,  lymphoma  malignant  histiocytic  1 (2%) 

Renal,  lymphoma  malignant  lymphocytic  1 (2%) 

Renal,  lymphoma  malignant  mixed  1 (2%) 


*(50) 


'(50) 

(47) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 

1 

(2%) 
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GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

HEMATOPOIETIC  SYSTEM  (Continued) 

Lymph  node,  mandibular 

(46) 

*(50) 

*(50) 

(47) 

Lymphoma  malignant  histiocytic 

2 (4%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

9 (20%) 

2 (4%) 

4 (9%) 

Lymphoma  malignant  mixed 

5 (11%) 

2 (4%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

Lymph  node,  mesenteric 

(8) 

*(50) 

*(50) 

(3) 

Lymphoma  malignant  histiocytic 

2 (25%) 

Lymphoma  malignant  lymphocytic 

2 (25%) 

2 (4%) 

Lymphoma  malignant  mixed 

3 (38%) 

2 (67%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (13%) 

Spleen 

(50) 

(50) 

(50) 

(49) 

Hemangiosarcoma 

1 (2%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  histiocytic 

3 (6%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  lymphocytic 

9 (18%) 

8 (16%) 

3 (6%) 

5 (10%) 

Lymphoma  malignant  mixed 

6 (12%) 

1 (2%) 

3 (6%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

Thymus 

(41) 

*(50) 

*(50) 

(35) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

4 (10%) 

Lymphoma  malignant  mixed 

4 (10%) 

2 (6%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(38) 

*(50) 

*(50) 

(44) 

Adenocarcinoma 

1 (2%) 

Adenoma 

1 (2%) 

Skin 

(50) 

*(50) 

*(50) 

(49) 

Subcutaneous  tissue,  fibrosarcoma 

1 (2%) 

3 (6%) 

3 (6%) 

Subcutaneous  tissue,  lymphoma  malignant 

histiocytic 

1 (2%) 

Subcutaneous  tissue,  lymphoma  malignant 

lymphocytic 

1 (2%) 

MUSCULOSKELETAL  SYSTEM 

Bone 

(49) 

*(50) 

*(50) 

(50) 

Cranium,  osteoma 

1 (2%) 

Sacrum,  osteosarcoma 

1 (2%) 

Skeletal  muscle 

*(50) 

*(50) 

*(50) 

*(50) 

Abdominal,  lymphoma  malignant 

lymphocytic 

1 (2%) 

NERVOUS  SYSTEM 

Brain 

(48) 

*(50) 

*(50) 

(49) 

Choroid  plexus,  lymphoma  malignant 

lymphocytic 

1 (2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

*(50) 

*(50) 

(50) 

Alveolar/bronchiolar  adenoma 

5 (10%) 

2 (4%) 

1 (2%) 

2 (4%) 

Alveolar/bronchiolar  carcinoma 

1 (2%) 

1 (2%) 

2 (4%) 

Carcinoma,  metastatic,  islets,  pancreatic 

1 (2%) 

Fibrosarcoma,  metastatic,  skin 

1 (2%) 

Hepatocellular  carcinoma,  metastatic,  liver 

1 (2%) 

2 (4%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

1 (2%) 

1 (2%) 
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GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

RESPIRATORY  SYSTEM 

Lung  (Continued) 

(50) 

*(50) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

5 (10%) 

1 (2%) 

3 (6%) 

Lymphoma  malignant  mixed 

3 (6%) 

1 (2%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

Pheochromocytoma  malignant,  metastatic, 

adrenal  gland 

1 (2%) 

Mediastinum,  fibrosarcoma,  metastatic,  skin 

1 (2%) 

Nose 

(50) 

*(50) 

*(50) 

(50) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

SPECIAL  SENSES  SYSTEM 

Harderian  gland 

(50) 

*(50) 

*(50) 

*(50) 

Adenoma 

3 (6%) 

1 (2%) 

1 (2%) 

4 (8%) 

Lymphoma  malignant  lymphocytic 

1 (2%) 

URINARY  SYSTEM 

Kidney 

(50) 

*(50) 

*(50) 

(49) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

7 (14%) 

2 (4%) 

1 (2%) 

3 (6%) 

Lymphoma  malignant  mixed 

3 (6%) 

1 (2%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

Renal  tubule,  adenoma 

1 (2%) 

Urinary  bladder 

(48) 

*(50) 

*(50) 

(44) 

Fibrosarcoma,  metastatic,  skin 

1 (2%) 

Lymphoma  malignant  histiocytic 

1 (2%) 

Lymphoma  malignant  lymphocytic 

4 (8%) 

Lymphoma  malignant  mixed 

1 (2%) 

1 (2%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

SYSTEMIC  LESIONS 

Multiple  organs 

*(50) 

*(50) 

*(50) 

*(50) 

Lymphoma  malignant  histiocytic 

3 (6%) 

3 (6%) 

1 (2%) 

2 (4%) 

Lymphoma  malignant  mixed 

6 (12%) 

1 (2%) 

3 (6%) 

Lymphoma  malignant  lymphocytic 

10  (20%) 

8 (16%) 

3 (6%) 

5 (10%) 

Hemangioma 

1 (2%) 

Hemangiosarcoma 

2 (4%) 

1 (2%) 

1 (2%) 

1 (2%) 

Lymphoma  malignant  undifferentiated 

cell  type 

1 (2%) 

1 (2%) 

ANIMAL  DISPOSITION  SUMMARY 

Animals  initially  in  study 

50 

50 

50 

50 

Terminal  sacrifice 

39 

42 

44 

41 

Moribund 

5 

4 

3 

4 

Dead 

5 

1 

3 

5 

Dosing  accident 

1 

3 
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Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

TUMOR  SUMMARY 

Total  animals  with  primary  neoplasms  ** 

36 

26 

21 

31 

Total  primary  neoplasms 

54 

32 

24 

44 

Total  animals  with  benign  neoplasms 

20 

15 

12 

17 

Total  benign  neoplasms 

29 

15 

13 

22 

Total  animals  with  malignant  neoplasms 

24 

16 

10 

21 

Total  malignant  neoplasms 

25 

17 

11 

22 

Total  animals  with  secondary  neoplasms  *** 

1 

1 

2 

4 

Total  secondary  neoplasms 

3 

1 

3 

5 

* Number  of  animals  receiving  complete  necropsy  examination;  all  gross  lesions  including  masses  examined  microscopically. 
**  Primary  tumors:  all  tumors  except  secondary  tumors 

***  Secondary  tumors:  metastatic  tumors  or  tumors  invasive  into  an  adjacent  organ 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANIUNE  HYDROCHLORIDE:  VEHICLE  CONTROL 


WEEKS  OS’ 
STUDY 
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ALIMENTARY  SYSTEM 

Esophagus 

Gallbladder 

Lymphoma  malignant  lymphocytic 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  sma  1 ' . duodenum 
Intestine  small,  ileum 
Intestine  snail,  jejunum 
Fevers  patch,  lymphoma  malignant 
lymphocytic 

Fever’s  patch,  lymphoma  malignant 
mixed 

Fever's  patch,  lymphoma  ma.ignant 
undifferentiated  cell  type 
Liver 

Hemangiosarcoma 
Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  ma.ignant  mixed 
Lymphoma  ma.ignant  undiffe re ntta ted 
cell  type 
Mesentery 

Lymphoma  ma.ignant  mixed 
Fancreas 

Lymphoma  ma.ignant  histiocytic 
Lymphoma  ma.ignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivary  glands 

Lymphoma  malignant  histiocytic 
Lymphoma  ma.ignant  lymphocytic 
Lymphoma  maugnan:  mixed 
Stomach 

Stomach,  forestomach 
Fapilloma  squamous 
Stomach,  g.andnlar 
Tooth 

CARDIOVASCULAR  SYSTEM 
Heart 

Lymphoma  ma.ignant  .ymphocytic 

INZXXTRINE  SYSTEM 
Adrenal  gland 
Capsule,  adenoma 
Adrenal  g-and.  cortex 
Lymphoma  maugnant  .ymphocytic 
Adrenal  gland,  medulla 
Fheochromocytoma  benign 
Islets,  pancreatic 
Parathyroid  gate 
Pituitary  gate 

Lymphoma  ma.ignant  .ymphocytic 
Pars  -istalis.  adenoma 
Thyroid  gland 

Lymphoma  malignant  lymphocytic 
Follicular  cell,  adenoma 

:-I NEPAL  30 LY  SYSTEM 

None 

jeNCtal  system 

Ovary 

Cystadenoma 

Granulosa  cell  tumor  oenign 
Lymphoma  ma  .ignant  nistiocytic 
Lymphoma  ma.ignant  lymphocytic 
Lymphoma  ma^gnant  nixed 
Follicle,  adetoma 
Feriovanau  tissue,  .ymphoma 
ma.ignant  lymphocytic 
Uterus 
Hemangioma 


-ympnema  z 
Lymphoma  n 
Lymphoma  z 
Polyp  stroma 


nisbocytac 

lymphocytic 


* : Ttssue  examined  microscopica..y 

Not  examined 

— Present  out  not  examined  microscopically 
L Insufficient  tissue 


M:  Missing 

A Autolysis  precludes  examination 
X;  Incidence  of  listed  morphology 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

• Continued) 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

(Continued) 


WEEKS  ON' 
STUDY 


CARCASS 

ID 


:~:t  matopoietotsysteh 

Blood 

Lymphoma  malignant  lymphocytic 
Bone  marrow 

Lymphoma  malignant  histiocytic 
Femoral,  lymphoma  malignant 
lymphocytic 
Lymph  node 

Lumbar,  lymphoma  malignant  histiocytic 
Lumbar,  lymphoma  malignant  lymphocytic 
Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malignant  muted 
Renal,  fibrosarcoma,  metastatic,  skin 
Renal,  lymphoma  malignant  histiocytic 
Rena;,  lymphoma  malignant  lymphocytic 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undiffe rentia ted 
cell  type 

Lymph  node,  mesenteric 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Spleen 

He  mangiosarco  ma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Thymus 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

^TTOCHESTASY  SYSTEM 

Mammary  gland 
Skm 

Subcutaneous  tissue,  fibrosarcoma 

MUSCULOSKELETAL  system 
3one 

Skeletal  muscle 

Abdominal,  lymphoma  malignant 
lymphocytic 

NERVOUS  SYSTEM 

Brain 

Choroid  piexus.  lymphoma  malignant 
lymphocytic 

RESPIRATORY  SYSTEM 
Lung 

Aiveolar/bronchioiar  adenoma 
Alveolar  bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  skin 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Nose 
T rachea 

SPECIAL  SENSES  SYSTEM 

Eye 

Harcenan  gland 
Adenoma 

Urinary  system 

Kidney 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 

Urinary  bladder 
Fibrosarcoma,  metastatic,  skin 
Lymphoma  maugnant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  mahgnant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  VEHICLE  CONTROL 

(Continued) 


■"WEEK VON" 

STUDY 


CARCASS 

ID 


1111111111111111111111111 

0000000000000000000000000 

4555555555555555555555555 


HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Bone  marrow 

Lymphoma  malignant  histiocytic 
Femoral,  lymphoma  malignant 
lymphocytic 
Lymph  node 

Lumbar,  lymphoma  mallg.  histiocytic 
Lumbar,  lymphoma  mallg.  lymphocytic 
Mediastinal, lymphoma  malignant 
histiocytic 

Mediastinalr  lymnhoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  maiig.  mixed 
Renal,  fibrosarcoma,  metastatic,  skin 
Renal,  lymphoma  malignant  histiocytic 
Renal,  lymphoma  maiig.  lymphocytic 
Renal,  lymphoma  malignant  mixed 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 

Lymph  node,  mesenteric 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Thymus 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 

1ST E GUM -OT  ARY  SYSTEM 

Mammary  gland 

Skin 

Subcutaneous  tissue,  fibrosarcoma 


"8 — 7 — 7 — 7 — 7 — 7 — g 7 — = = = 7 7 7 F 
012447022467789 
5531521  2 5413551 


“S — 7 — 7 — 7 — 7 — 7 — 7 — 7 — 7 — S~ 
0237935660 
4151334342 


+ M + + 


M M M M M 


M + 


M + + + M 


MUSCULOSKELETAL  SYSTEM 

Bone 

Skeletal  muscle 

Abdominal.  lymphoma  malignant 
lymphocytic 

NERVOUS  SYSTEM 

Brain 

Choroid  plexus,  lymphoma  malignant 
lymphocytic 

RESPIRATORY  SYSTEM 

Lit* 

Alveolar/bronchiolar  adenoma 
Alveolar  bronchiolar  carcinoma 
Fibrosarcoma,  metastatic,  skit 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Nose 
Trachea 

SPECL4L  SENSES  SYSTEM 
Eye 

Harcerian  gland 
Adenoma 

UHDTaSY  SYSTEM 

Kidney 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  type 
Urinary  bladder 
Fibrosarcoma,  metastatic,  skin 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymphoma  malignant  undifferentiated 
cell  tvoe 


-i-  M 


+ M 


+ + M 
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+ I + + 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE:  LOW  DOSE 


WEEKS  ON 
STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mesentery 
Pancreas 

Lymphoma  malignant  histiocytic 
Salivary  glands 
Stomacn 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Endocrine  system 

Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODT' SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

Lymphoma  malignant  histiocytic 
Uterus 

Lymphoma  malignant  histiocytic 
Polyp  stromal 

Cervix,  lymphoma  malignant  histiocytic 

FfEMATOPOlETKTSYSTEM 

Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Adenocarcinoma 
Adenoma 
Skin 

Subcutaneous  tissue,  lymphoma 
malignant  histiocytic 

MUSCULOSKELETAL  SYSTEM 

Bone 

Cranium,  osteoma 

NERVOUS  SYSTEM 

Brain 

RESPIRATORY  SYSTEM 
Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 
liver 
Nose 
Trachea 

SFEGTAITSENS'ES'  SYSTEM 

Eye 

Harderian  gland 
Adenoma 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Urinary  bladder 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  LOW  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENT  AR1T5YSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Hepatocellular  carcinoma 
Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mesentery 
Pancreas 

Lymphoma  malignant  histiocytic 
Salivary  glands 
Stomach 

Stomach,  forestomach 
Papilloma  squamous 
Stomach,  glandular 
Tooth 

CARDIOVASCULARTYSTEM 

Heart 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM # 

None 

GENITAL  SYSTEM 

Ovary 

Lymphoma  malignant  histiocytic 
Uterus 

Lymphoma  malignant  histiocytic 
Polyp  stromal 

Cervix,  lymphoma  malignant  histiocytic 

HEMATOPOIETIC  SYSTEM 
Bone  marrow 
Lymph  node 

Lymph  node,  mandibular 
Lymph  node,  mesenteric 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Adenocarcinoma 
Adenoma 
Skin 

Subcutaneous  tissue,  lymphoma 
malignant  histiocytic 

MUSCULOSKELETAL  SYSTEM 
Bone 

Cranium,  osteoma 

NERVOUS  SYSTEM 
Brain 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 
liver 
Nose 
Trachea 

SPECIAL  SENSES  SYSTEM 

Eye 

Harderian  gland 
Adenoma 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Urinary  bladder 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANILINE  HYDROCHLORIDE:  MID  DOSE 


WEEKS  ON 

IT 

IT 

IT 

0 

IT 

1 

~r 

i 

T 

~r 

1 

1 

1 

1 

~r 

T 

1 

1 

I 
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T- 

l 

: 

1 

STUDY 
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7 

9 
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9 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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S 
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0 

6 

6 

7 
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4 

5 

s 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

CARCASS 

b 

b 

b 

5 

5 

5 

& 

5 

b 

b 

b 

5 

5 

5 

5 

5 

s 

5 

5 

5 

b 

b 

5 

b 

5 

ID 

7 

6 

2 

9 

5 

8 

i 

2 

3 

7 

8 

9 

1 

1 

2 

2 

4 

s 

6 
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7 

8 

i 

2 

3 

4 

3 

3 

4 

I 

3 

i 
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2 
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2 

1 

3 
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5 

1 

2 

5 

4 

2 

I 

I 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Carcinoma,  metastatic,  islets, 
pancreatic 

Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Mesentery 

Lymphoma  malignant  histiocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Salivary  glands 

Lymphoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 

Heart 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 

ENDOCRINE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Lymphoma  malignant  lymphocytic 
Pheochromocytoma  malignant 
Islets,  pancreatic 
Carcinoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM 
None 

GENITAL  SYSTEM 

Ovary 

Lymphoma  malignant  lymphocytic 
Uterus 

Lymphoma  malignant  lymphocytic 
Polyp 


+ + + 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


214 


TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  MID  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Liver 

Carcinoma,  metastatic,  islets, 
pancreatic 

Hepatocellular  adenoma 
Hepatocellular  adenoma,  multiple 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Mesentery 

Lymphoma  malignant  histiocytic 
Pancreas 

Lymphoma  malignant  lymphocytic 
Salivary  glands 

Lymphoma  malignant  lymphocytic 
Stomach 

Stomach,  forestomach 
Lymphoma  malignant  lymphocytic 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 
Heart 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 

ENDOCRINE  SYSTEM 
Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  lymphocytic 
Adrenal  gland,  medulla 
Lymphoma  malignant  lymphocytic 
Pheochromocytoma  malignant 
Islets,  pancreatic 
Carcinoma 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 

GENERAL  BODY  SYSTEM 
None 

GENITAL  SYSTEM 

Ovary 

Lymphoma  malignant  lymphocytic 
Uterus 

Lymphoma  malignant  lymphocytic 
Polyp 


t — r 
0 0 
5 5 


1 1 
0 0 
5 5 


1 1 
0 0 
5 5 


1 1 
0 0 
5 5 


3 — 5 — 5 — 5 — 5 — 5 — 5 5 g § § 5 5 5 5 6“ 

3334456804556890 
3452435515242152 


5 5 5 5 5 5 6 6 T 

146799000 

414323345 


+ + + + + + + + + + + + + 
X X 

X X 


+ + + + + + + + + + + 


+ 

+ + + 


+ 

+ + + 


TOTAL: 

TISSUES 

TUMORS 


3 

2 

3 

2 

3 

2 

3 

3 

2 

2 

50 

1 

6 

2 

1 

3 

1 

3 

1 

5 

1 

3 
1 

4 
3 
1 
3 
3 


17 

1 

42 

1 

1 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  MID  DOSE 

(Continued) 


WEEKS  ON 
STUDY 


CARCASS 

ID 


HEMATOPOIETIC  SYSTEM 

Blood 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 

cell  type 
Bone  marrow 

Lymphoma  malignant  lymphocytic 
Lymph  node 

Lumbar,  lymphoma  malignant  lymphocytic 
Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malignant 
undifferentiatea  cell  type 
Pancreatic,  lymphoma  malignant 
lymphocytic 

Renal,  lymphoma  malignant  lymphocytic 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 

Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Thymus 

Lymphoma  malignant  undifferentiated 
cell  type 


INTEGUMENTARY  SYSTEM 

Mammary  gland 

Skin 

Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  lymphoma 
malignant  lymphocytic 


MUSCULOSKELETAL  SYSTEM 

Bone 


NERVOUS  SYSTEM 


Brain 


RESPIRATORY  SYSTEM 


Lung 

Alveolar/bronchiolar  adenoma 

Carcinoma,  metastatic,  islets, 
pancreatic 

Lymphoma  malignant  histiocytic 

Lymphoma  malignant  lymphocytic 

Lymphoma  malignant  undifferentiated 
cell  type 

Pheochromocytoma  malignant, 
metastatic,  adrenal  gland 
Nose 

Lymphoma  malignant  lymphocytic 
Trachea 


SPECIAL  SENSES  SYSTEM 


Harderian  gland 
Adenoma 
Lymphoma  malignant  lymphocytic 


URINARY  SYSTEM 


Kidney 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Urinary  bladder 


0 0 6 0 0 0 1 — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — I — T 

7799990000000000000000000 

5606674444445555555555555 


5 5 5 — 5 — 5 5 — 5 — T“5 — TT 

762958123789 
433413142121 


T~T 
1 l 
3 5 


~5  5 5 5 5 5 5 5 5 5 T 

22456778123 
25351254211 


M 


+ + + + + + + + + + + 


X 

M M 


+ + + 

X 

+ + + 


M + + 

X 


+ + + 
X 


X 

+ + + 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  MID  DOSE 

(Continued) 


WEEKS  ON 

STUDY 


CARCASS 

ID 


HEMATOPOIETIC'S  Y5TEM 

Blood 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Bone  marrow 

Lymphoma  malignant  lymphocytic 
Lymph  node 

Lumbar,  lymphoma  malig.  lymphocytic 
Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malignant 
undifferentiated  cell  type 
Pancreatic,  lymphoma  malignant 
lymphocytic 

Renal,  lymphoma  malig.  lymphocytic 
Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 

Lymph  node,  mesenteric 
Lymphoma  malignant  lymphocytic 
Spleen 

Hemangiosarcoma 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Thymus 

Lymphoma  malignant  undifferentiated 
cell  type 

INTEGUMENTARY"  SYSTEM 

Mammary  gland 
Skin 

Subcutaneous  tissue,  fibrosarcoma 
Subcutaneous  tissue,  lymphoma 
malignant  lymphocytic 

MUSCULOSKELETAL  SYSTEM 

Bone 

NERVOUS  SYSTEM 

Brain 

RESPIRATORY  SYSTEM 

Lung 

Alveolar/bronchiolar  adenoma 
Carcinoma,  metastatic,  islets, 
pancreatic 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 

Pheochromocytoma  malignant, 
metastatic,  adrenal  gland 
Nose 

Lymphoma  malignant  lymphocytic 
Trachea 

SPECIAL  SENSES  SYSTEM 

Harderian  gland 
Adenoma 

Lymphoma  malignant  lymphocytic 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  undifferentiated 
cell  type 
Urinary  bladder 


1 — i — i — i — i i i i i i i i — i — i — i — i — i — i — i — r 

00000000000000000000 
55555555555555555555 


_ _ l . r 

0 0 0 0 0 

5 5 5 5 5 


5 5 5 5"”5""''5  5 5 6 5 5 5 5 5 5 6 5 5 5~3  5 5” "6  6T 

3334456804556890146799000 

3452435515242152414323345 


+ + + + + + + 
X 


TOTAL: 

TISSUES 

TUMORS 


1 

1 

5 

1 

2 

1 

4 

2 

50 

1 

3 

1 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDY  OF  p-CHLOROANIUNE  HYDROCHLORIDE:  HIGH  DOSE 


WEEKS  OS' 

STUDY 


CARCASS 

ID 
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7 

8 
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0 
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6 
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M 

M 

4- 

M 

M 

4- 

M 

4* 

M 

4- 

4- 

4- 

4- 

4- 

4 

4 

4 

4 

ALIMENTARY  SYSTEM 

Esophagus 
Gallbladder 
Intestine  large 
Intestine  large,  cecum 
Intestine  large,  coion 
Intestine  large,  rectum 
Intestine  small 
Intestine  small,  duodenum 
Intestine  small,  ileum 
Intestine  sma  J.  jejunum 
Lymphoma  malignant  histiocytic 
Payer's  patch,  lymphoma  malignant 
mixed 
Liver 

He  mangiosarcoma 
Hepatocellular  carcinoma 
Hepa toce -l uiar  carcinoma,  multiple 
Hepatocellular  adenoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Mesentery 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Saiivanr  glands 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  fore  stomach 
Stomach,  glandular 
Tooth 

CARDIOVASCULAR  SYSTEM 
Heart 

ETOOCENE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  histiocytic 
Adrenal  gland,  meduiia 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis.  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 

GENERAL  30DY  SYSTEM 

None 

GENTTaL  SYSTEM 

Ovary 

Cystadenoma 

Fibrosarcoma,  metastatic.  skin 
Per.ovanan  tissue,  lymphoma 
*—.  ^ . ^uc0O 
Uterus 
Polyp  stromal 

HEMa?0P0IETIC~'SY3TEM 

Blood 

Bone  marrow 
Lymph  node 

Bronchia  . lymphoma  malignant 
lymphocytic 

Broncaial.  lymphoma  ma.ignan:  mixed 
Lumbar,  lymphoma  malignant  mixed 
Mediastinal,  fibrosarcoma,  metastatic. 

s'rn 

Mediastinal,  lymphoma  malignant 
histiocytic 

MediastinaL  lymphoma  malignant 
.ymphocytic 

Mediastinal,  lymphoma  malignant  mixed 
Pancreatic,  lymphoma  malignant 
lymphocytic 

Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lympuoma  man. guar.  1 .ympnc-c*.*tic 
Lymphoma  malignant  mixed 
Lymph  node,  mesenteric 
Lymphoma  malignant  mixed 
Spleen 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  HIGH  DOSE 

(Continued) 


WEEKE'ON  ’ 

STUDY 


CARCASS 

ID 


ALIMENTARY  SYSTEM 

Intestine  large 
Intestine  large,  cecum 
Intestine  large,  colon 
Intestine  large,  rectum 
Intestine  small 
Intestine  small.  duodenum 
Intestine  small,  ileum 
Intestine  small,  jejunum 
Lymphoma  malignant  histiocytic 
Peyer's  patch,  lymphoma  malignant 
mixed 
Liver 

He  mangiosarco  ma 
Hepatocellular  carcinoma 
Hepatocellular  carcinoma,  multiple 
Hepatocellular  adenoma 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  mixed 
Mesentery 
Pancreas 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Salivary  glands 

Lympnoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Stomach 

Stomach,  fore  stomach 
Stomach,  glandular 
Tooth 

cardiovasculatsystem 

Heart 

ENT50CKNE  SYSTEM 

Adrenal  gland 
Adrenal  gland,  cortex 
Lymphoma  malignant  histiocytic 
Adrenal  gland,  medulla 
Islets,  pancreatic 
Parathyroid  gland 
Pituitary  gland 
Pars  distalis,  adenoma 
Thyroid  gland 
Follicular  cell,  adenoma 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

Cystadenoma 

Fibrosarcoma,  metastatic,  skin 
Periovarian  tissue,  lymphoma 
malignant  mixed 
Uterus 
Polyp  stromal 

HEMATOPOIETIC  SYSTEM 

Blood 

Bone  marrow 
Lymph  node 

Bronchial,  lymphoma  malignant 
lymphocytic 

Bronchial,  lymphoma  malignant  mixed 
Lumbar,  lymphoma  malignant  mixed 
Mediastinal,  fibrosarcoma,  metastatic, 
skin 

Mediastinal,  lymphoma  malignant 
histiocytic 

Mediastinal,  lymphoma  malignant 
lymphocytic 

Mediastinal,  lymphoma  malig.  mixed 
Pancreatic,  lympnoma  malignant 
lymphocytic 

Lymph  node,  mandibular 
Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Lymph  node,  mesenteric 
Lymphoma  malignant  mixed 
Spleen 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Thymus 

Lymphoma  malignant  mixed 


1 

1 

1 

l 

1 

1 

i 
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1 

1 
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l 

1 

l 

l 
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0 

0 

0 

0 

0 
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0 

0 
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0 

0 
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0 
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0 
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s 

s 
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s 

s 

s 

s 
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5 

s 

5 

s 

s 

5 

s 

5 

s 

s 

5 

TOTAL; 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

TISSUES 

7 

8 

9 

0 

1 

i 

4 

s 

6 

7 

7 

8 

9 

9 

0 

2 

2 

2 

3 

4 

5 

8 

9 

0 

0 

TUMORS 

4 

2 

2 

1 

I 

s 

2 

s 

1 

2 

S 

1 

4 

S 
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2 

3 

S 
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2 
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2 

4 
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4 

+ 

+ 

4 

4 
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+ 
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4 

4 1 
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1 
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4 

4 

4 

4 
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4 

4 
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4 

4 

4 

4 

4 

— 

4 

4 

4 

4 

4 

4 

50 

1 

X 

3 

X 

X 

2 

X 

X 

X 

X 

X 

i 

I 

X 

X 

2 
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3 

4- 

4 
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4 

47 

+ 

+ 

+ 

4 

4 

4 

4 

+ 

+ 

+ 

+ 

+ 

+ 

4 

4 

+ 

+ 

+ 

*** 

4 

50 

+ 

+ 

4- 

+ 

4 

4 

+ 

4 

+ 

+ 

4 

+ 

+ 

+ 

+ 

4 

4 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

50 

+ 

+ 

4 

4 

4 

4 

4 

4 

4 

4 

4 
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4 

+ 

4 
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+ 
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4 

49 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

STUDY 

0000001111111111111111111 
6788990000000000000000000 
8978161  144444444555585555 

CARCASS 

ID 

4444444444444444444444544 

6446827361134559133568027 

3354551223441343213153543 

INTEGUMENTARY  SYSTEM 

Mammary  gland 
Skin 

Subcutaneous  tissue,  fibrosarcoma 

+ + + +M  + + + + + + + + + + + + + + +MM  + + + 

+ + + +A  + + + + + + + + + + + + + + + + + + + + 

X X 

MUSCULOSKELETAL  SYSTEM 
Bone 

Sacrum,  osteosarcoma 
Skeletal  muscle 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

X 

+ 

NERVOUS  SYSTEM 
Brain 

+ + + +A  + + + + + + + + + + + + + + + + + + + + 

RESPIRATORY  SYSTEM 
Lung 

Alveolarlbronchiolar  adenoma 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 
liver 

X 

Lymphoma  malignant  histiocytic 
Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Mediastinum,  fibrosarcoma,  metastatic, 
skin 

X 

X 

Nose 

Trachea 

+ + + + + + + + + + + + + + + + + + + + + + + + + 

+ + + +A  + + + + + + + + + + + + + + + + + + + + 

special  Senses  system 

Eye 

Harderian  gland 
Adenoma 

+ i 

+ +M  + + + + + + + + + + + + +M  + + + + + + +M 

X 

URINARY  SYSTEM 

Kidney 

Lymphoma  malignant  lymphocytic 
Lymphoma  malignant  mixed 
Renal  tubnle,  adenoma 

+ + + +A  + + + + + 4-  + + + + + + + + + + + + + + 

X 

Urinary  bladder 
Lymphoma  malignant  mixed 

+ + A + A + + + A + + + + + + + + + + + + + + + + 
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TABLE  D2.  INDIVIDUAL  ANIMAL  TUMOR  PATHOLOGY  OF  FEMALE  MICE:  HIGH  DOSE 

(Continued) 


WEEKS  ON 

i 

1 

1 

T" 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 

i 

i 

1 

1 

i 
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1 

I 

1 

1 

1 

STUDY 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

5 

5 
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5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

s 

5 

s 

5 

5 

5 

5 

s 

5 

TOTAL: 

CARCASS 

4 

4 

“5“ 

T~ 

T- 

4 

4 

4 

4 

4 

4 

4 

4 

5 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

TISSUES 

ID 

7 

8 

9 

0 

1 

1 

4 

5 

6 

7 

7 

8 

9 

9 

0 

2 

2 

2 

3 

4 

5 

8 

9 

0 

0 

TUMORS 

4 

2 

2 

1 

1 

S 

2 

5 

1 

2 

S 

1 

4 

5 

3 

1 

2 

3 

5 

4 

2 

4 

1 

2 

4 

INTEGUMENTARY  SYSTEM 
Mammary  gland 

M 

+ 

+ 

4- 

+ 

+ 

M 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

M 

4- 

+ 

4- 

44 

Skin 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-1- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

Subcutaneous  tissue,  fibrosarcoma 

X 

3 

MUSCULOSKELETAL  SYSTEM 

Bone 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

. 

4- 

4- 

4- 

4- 

+ 

4- 

4- 

+ 

+ 

50 

Sacrum,  osteosarcoma 

1 

Skeletal  muscle 

I 

NERVOUS  SV$TEM 
Brain 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

49 

RESfTRATOllY  SYSTEM 
Lung 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

i 

4- 

+ 

4- 

. 

+ 

4- 

4- 

4- 

4- 

4- 

50 

Alveolar/bronchiolar  adenoma 

X 

X 

2 

Alveolar/bronchiolar  carcinoma 
Hepatocellular  carcinoma,  metastatic, 

X 

2 

liver 

X 

X 

2 

Lymphoma  malignant  histiocytic 

I 

Lymphoma  malignant  lymphocytic 

X 

X 

3 

Lymphoma  malignant  mixed 
Mediastinum,  fibrosarcoma,  metastatic. 

X 

I 

skin 

X 

1 

Nose 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

50 

Trachea 

+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

+ 

4- 

4* 

4- 

4- 

4- 

+ 

4- 

4- 

4- 

4- 

4- 

49 

SPECIAL  SENSES  SYSTEM 
Eye 

1 

Harderian  gland 

+ 

+ 

+ 

+ 

+ 

+ 

4* 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

47 

Adenoma 

X 

X 

X 

4 

URINARY  SYSTEM 
Kidney 

+ 

+ 

4- 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

4- 

+ 

49 

Lymphoma  malignant  lymphocytic 

X 

X 

3 

Lymphoma  malignant  mixed 

X 

1 

Renal  tubule,  adenoma 

X 

1 

Urinary  bladder 

+ 

+ 

4- 

I 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4- 

4- 

4- 

4* 

4- 

4- 

4- 

i 

4- 

4- 

M 

4- 

4- 

44 

Lymphoma  malignant  mixed 

X 

1 
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TABLE  D3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  p-CHLORO ANILINE  HYDROCHLORIDE 


Vehicle  Control  3 mg/kg 

10  mg/kg 

30  mg/kg 

Harderian  Gland:  Adenoma 

Overall  Rates  (a) 

3/50  (6%) 

1/50(2%) 

1/50(2%) 

4/50(8%) 

Adjusted  Rates  (b) 

7.7% 

2.4% 

2.3% 

9.8% 

Terminal  Rates  (c) 

3/39  (8%) 

1/42(2%) 

1/44(2%) 

4/41  (10%) 

Day  of  First  Observation 

728 

728 

728 

728 

Life  Table  Tests  (d) 

P = 0.225 

P = 0.279N 

P = 0.263N 

P = 0.527 

Logistic  Regression  Tests  (d) 

P = 0.225 

P = 0.279N 

P = 0.263N 

P = 0.527 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.222 

P = 0.309N 

P = 0.309N 

P = 0.500 

Liver:  Hepatocellular  Adenoma 

Overall  Rates  (a) 

5/50(10%) 

7/50(14%) 

8/50(16%) 

8/50(16%) 

Adjusted  Rates  (b) 

12.3% 

16.7% 

18.2% 

19.0% 

Terminal  Rates  (c) 

4/39(10%) 

7/42(17%) 

8/44(18%) 

7/41  (17%) 

Day  of  First  Observation 

672 

728 

728 

722 

Life  Table  Tests  (d) 

P = 0.310 

P = 0.428 

P = 0.354 

P = 0.308 

Logistic  Regression  Tests  (d) 

P = 0.305 

P = 0.374 

P = 0.302 

P = 0.287 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.301 

P = 0.380 

P = 0.277 

P = 0.277 

Liver:  Hepatocellular  Carcinoma 

Overall  Rates  (a) 

1/50  (2%) 

2/50  (4%) 

0/50  (0%) 

5/50(10%) 

Adjusted  Rates  (b) 

2.1% 

4.8% 

0.0% 

11.7% 

Terminal  Rates  (c) 

0/39  (0%) 

2/42  (5%) 

0/44(0%) 

4/41  (10%) 

Day  of  First  Observation 

480 

728 

616 

Life  Table  Tests  (d) 

P = 0.034 

P = 0.512 

P = 0.492N 

P = 0.117 

Logistic  Regression  Tests  (d) 

P = 0.028 

P = 0.509 

P = 0.500N 

P = 0.082 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.032N 

P = 0.500 

P = 0.500N 

P = 0.102 

Liver:  Hepatocellular  Adenoma  or  Carcinoma 

Overall  Rates  (a) 

6/50(12%) 

9/50(18%) 

8/50(16%) 

11/50(22%) 

Adjusted  Rates  (b) 

14.1% 

21.4% 

18.2% 

25.4% 

Terminal  Rates  (c) 

4/39(10%) 

9/42  (21%) 

8/44(18%) 

9/41  (22%) 

Day  of  First  Observation 

480 

728 

728 

616 

Life  Table  Tests  (d) 

P = 0.171 

P = 0.335 

P = 0.472 

P = 0.174 

Logistic  Regression  Tests  (d) 

P = 0.180 

P = 0.278 

P = 0.395 

P = 0.146 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.161 

P = 0.288 

P = 0.387 

P = 0.143 

Lung:  Alveolar/Bronchiolar  Adenoma 

Overall  Rates  (a) 

5/50(10%) 

(e)  2/8  (25%) 

(e)  1/7(14%) 

2/50(4%) 

Adjusted  Rates  (b) 

12.2% 

4.9% 

Terminal  Rates  (c) 

4/39(10%) 

2/41  (5%) 

Day  of  First  Observation 

666 

728 

Life  Table  Test  (d) 

P = 0.203N 

Logistic  Regression  Test  (d) 

P = 0.206N 

Fisher  Exact  Test  (d) 

P = 0.218N 

Lung:  Alveolar/Bronchiolar  Adenoma  or 

Carcinoma 

Overall  Rates  (a) 

6/50(12%) 

(e)  2/8(25%) 

(e)  1/7(14%) 

4/50(8%) 

Adjusted  Rates  (b) 

14.7% 

9.8% 

Terminal  Rates  (c) 

5/39(13%) 

4/41  (10%) 

Day  of  First  Observation 

666 

728 

Life  Table  Test(d) 

P = 0.344N 

Logistic  Regression  Test  (d) 

P = 0.356N 

Fisher  Exact  Test  (d) 

P = 0.370N 
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TABLE  D3.  ANALYSIS  OF  PRIMARY  TUMORS  IN  FEMALE  MICE  IN  THE  TWO-YEAR  GAVAGE  STUDY 

OF  p-CHLOROANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control  3 mg/kg 

10  mg/kg 

30  mg/kg 

Pituitary  Gland/Pars  Distalis:  Adenoma 

Overall  Rates  (a) 

3/46  (7%) 

(e)  1/5(20%) 

(e)  2/6(33%) 

3/42(7%) 

Adjusted  Rates  (b) 

8.1% 

8.8% 

Terminal  Rates  (c) 

3/37(8%) 

3/34(9%) 

Day  of  First  Observation 

728 

728 

Life  Table  Test  (d) 

P = 0.624 

Logistic  Regression  Test  (d) 

P = 0.624 

Fisher  Exact  Test  (d) 

P = 0.617 

Subcutaneous  Tissue:  Fibrosarcoma 

Overall  Rates  (a) 

1/50(2%) 

0/50  (0%) 

3/50  (6%) 

3/50  (6%) 

Adjusted  Rates  (b) 

2.1% 

0.0% 

0.0% 

7.0% 

Terminal  Rates  (c) 

0/39  (0%) 

0/42  (0%) 

2/44(5%) 

2/41  (5%) 

Day  of  First  Observation 

527 

667 

667 

Life  Table  Tests  (d) 

P = 0.131 

P = 0.504N 

P=0.337 

P = 0.321 

Logistic  Regression  Tests  (d) 

P = 0.117 

P = 0.473N 

P=0.260 

P = 0.268 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.126 

P = 0.500N 

P=0.309 

P = 0.309 

Thyroid  Gland:  Follicular  Cell  Adenoma 

Overall  Rates  (a) 

3/49  (6%) 

(e)  0/4(0%) 

(e)  0/3  (0%) 

2/49  (4%) 

Adjusted  Rates  (b) 

7.7% 

4.9% 

Terminal  Rates  (c) 

3/39  (8%) 

2/41  (5%) 

Day  of  First  Observation 

728 

728 

Life  Table  Test  (d) 

P = 0.477N 

Logistic  Regression  Test  (d) 

P = 0.477N 

Fisher  Exact  Test  (d) 

P = 0.500N 

Hematopoietic  System:  Lymphoma,  All  Malignant 

Overall  Rates  (a) 

19/50  (38%) 

12/50(24%) 

5/50(10%) 

10/50(20%) 

Adjusted  Rates  (b) 

41.3% 

27.8% 

10.3% 

23.0% 

Terminal  Rates  (c) 

12/39(31%) 

11/42(26%) 

2/44(5%) 

8/41  (20%) 

Day  of  First  Observation 

666 

528 

521 

609 

Life  Table  Tests  (d) 

P = 0.082N 

P = 0.083N 

P = 0.001N 

P = 0.041N 

Logistic  Regression  Tests  (d) 

P = 0.071N 

P = 0.104N 

P = 0.001N 

P = 0.032N 

Cochran-Armitage  Trend  Test  (d) 
Fisher  Exact  Test  (d) 

P = 0.078N 

P = 0.097N 

P<0.001N 

P = 0.038N 

(a)  Number  of  tumor-bearing  animals/number  of  animals  examined  at  the  site;  doses  calculated  as  p-chloroaniline. 

(b)  Kaplan-Meier  estimated  tumor  incidences  at  the  end  of  the  study  after  adjusting  for  intercurrent  mortality 

(c)  Observed  tumor  incidence  at  terminal  kill 

(d)  Beneath  the  vehicle  control  incidence  are  the  P values  associated  with  the  trend  test.  Beneath  the  dosed  group  incidence  are 
the  P values  corresponding  to  pairwise  comparisons  between  that  dosed  group  and  the  vehicle  controls.  The  life  table  analysis 
regards  tumors  in  animals  dying  prior  to  terminal  kill  as  being  (directly  or  indirectly)  the  cause  of  death.  The  logistic  regres- 
sion test  regards  these  lesions  as  nonfatal.  The  Cochran- Armitage  and  Fisher  exact  tests  compare  directly  the  overall  incidence 
rates.  A negative  trend  or  lower  incidence  in  a dosed  group  is  indicated  by  (N). 

(e)  Incomplete  sampling  of  tissues 
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TABLE  D4.  HISTORICAL  INCIDENCE  OF  HEMATOPOIETIC  SYSTEM  TUMORS  IN  FEMALE  B6C3F, 

MICE  (a) 


Study 

Incidence  in  Controls 

Lymphoma  Lymphoma  or  Leukemia 

Historical  Incidence  for  All  Water  Gavage  Vi 

ehicle  Controls 

Iodinated  glycerol  (b) 

26/50 

26/50 

Chlorpheniramine  maleate  (c) 

17/50 

18/50 

Tetrakis(hvdroxymethyl)phosphonium  chloride  (c) 

21/50 

21/50 

Malonaldehyde.  sodium  salt  (c) 

13/50 

13/50 

Tetrakisl  hydroxymethyDphosphonium  sulfate  (c) 

16/50 

18/50 

Methyl  carbamate  (d) 

14/50 

14/50 

Chlorinated  trisodium  phosphate  (b) 

12/50 

12/50 

TOTAL 

119/350(34.0%) 

122/350(34.9%) 

SD  (e) 

9.93% 

9.92% 

Range  <f) 

High 

26/50 

26/50 

Low 

12/50 

12/50 

Overall  Historical  Incidence  for  Untreated  Controls 

TOTAL 

617/2,040(30.2%) 

636/2,040(31.2%) 

SD  (e) 

13.32% 

12.83% 

Range  (f) 

High 

(g)  37/50 

<g)  38/50 

Low 

5/50 

6/50 

a Data  as  of  April  29. 1987,  for  studies  of  at  least  104  weeks 
tb  Study  performed  at  EG&G  Mason  Research  Institute 
(c)  Study  performed  at  Battelle  Columbus  Laboratories 
( d Study  performed  at  Microbiological  Associates 
(e ) Standard  deviation 

<f)  Range  and  SD  are  presented  for  groups  of  35  or  more  animals, 
(g)  Second  highest:  3 1/50 
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TABLE  Do.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEO  PLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CH  LORO  ANILINE  HYDROCHLORIDE 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

Animals  initially  in  study 

50 

50 

50 

50 

Animals  removed 

50 

50 

50 

50 

Animals  examined  histopathologically 

50 

50 

50 

50 

ALIMENTARY  SYSTEM 

Gallbladder 

(47) 

(3) 

(2) 

(46) 

Infiltration  cellular,  lymphocytic,  multifocal 

1 

(2%) 

Lumen,  pigmentation,  diffuse 

1 

(2%) 

Mucosa,  cyst 

1 

(2%) 

Intestine  large,  colon 

(47) 

(5) 

(3) 

(48) 

Parasite  metazoan 

3 (6%) 

Intestine  small,  duodenum 

(46) 

(4) 

(3) 

(48) 

Inflammation,  chronic,  focal 

1 (2%) 

Ulcer,  chronic,  focal 

1 (2%) 

Intestine  small,  jejunum 

(46) 

(4) 

(2) 

(48) 

Necrosis,  acute,  diffuse 

1 

(2%) 

Liver 

(50) 

(50) 

(50) 

< 50 1 

Angiectasis.  focal 

I (2%) 

Basophilic  focus 

1 (2%) 

1 

(2%) 

Clear  cell  focus 

1 (2%) 

2 (4%) 

Cytomegaly,  focal 

1 (2%) 

1 

(2%) 

Hematopoietic  cell  proliferation,  multifocal 

15  (30%) 

29  (58%) 

24  (48%) 

31 

(62%  i 

Necrosis,  acute,  multifocal 

1 (2%) 

1 (2%) 

1 (2%) 

1 

(2%) 

Thrombus,  chronic 

1 

(2%) 

Vacuolization  cytoplasmic,  focal 

1 (2%) 

1 

(2%) 

Bile  duct,  cyst 

1 (2%) 

Centrilobular,  necrosis,  acute,  multifocal 

1 

(2%) 

Hepatocyte.  karyomegaly,  focal 

1 (2%) 

1 (2%) 

Kupffer  cell,  pigmentation,  hemosiderin 

1 (2%) 

46 

(92%( 

Periportal,  inflammation,  multifocal 

1 (2%) 

Serosa,  inflammation,  suppurative,  chronic. 

multifocal 

1 

(2%) 

Sinusoid,  infiltration  cellular. 

polymorphonuclear,  diffuse 

1 (2%) 

Mesentery 

<2) 

(2) 

(3) 

(3) 

Inflammation,  chronic  active,  multifocal 

2 (100%) 

2 (67%  i 

1 

(33%) 

Inflammation,  suppurative,  chronic,  multifocal 

2 

(67%) 

Pancreas 

(46) 

(7) 

(5) 

(49) 

Inflammation,  chronic  active,  multifocal 

1 (14%) 

1 (20%) 

Inflammation,  suppurative,  chronic,  multifocal 

1 

(2%) 

Acinus,  atrophy,  diffuse 

1 (2%) 

Acinus,  atrophy,  focal 

1 (2%) 

2 

(4%) 

Acinus,  atrophy,  multifocal 

1 (2%) 

1 (14%) 

2 (40%) 

5 

(10%) 

Duct,  cyst 

1 (14%) 

i 

(2%) 

Duct,  cyst,  multiple 

1 (2%) 

Duct,  ectasia,  focal 

i 

(2%) 

Duct,  ectasia,  multifocal 

1 (20%) 

Duct,  inflammation,  chronic,  multifocal 

1 (2%) 

Salivary  glands 

(47) 

(5) 

(3) 

(48) 

Infiltration  cellular,  lymphocytic,  multifocal 

3 

(6%) 

Acinus,  atrophy,  focal 

1 

(2%) 

Stomach,  forestomach 

(48) 

(5) 

(3) 

(46) 

Acanthosis,  focal 

1 

(2%) 

Hyperkeratosis,  focal 

1 

(2%) 

Ulcer,  acute,  focal 

1 

(2%) 

Stomach,  glandular 

(48) 

(5) 

(3) 

(47) 

Cyst 

1 

(2%) 

Necrosis,  acute,  focal 

1 (2%) 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

CARDIOVASCULAR  SYSTEM 

Heart 

(50) 

(5) 

(3) 

(50) 

Atrium,  inflammation,  chronic,  focal 

1 (33%) 

Coronary  artery,  inflammation,  chronic 

active  multifocal 

1 

(2%) 

Epicardium,  inflammation,  acute,  multifocal 

1 (20%) 

ENDOCRINE  SYSTEM 

Adrenal  gland 

(50) 

(5) 

(4) 

(49) 

Accessory  adrenal  cortical  nodule 

1 (2%) 

Capsule,  cyst 

1 (2%) 

Capsule,  hyperplasia,  cystic,  glandular. 

multifocal 

1 (2%) 

Capsule,  hyperplasia,  focal 

1 

(2%) 

Capsule,  hyperplasia,  multifocal 

48  (96%) 

2 (40%) 

3 (75%) 

48 

(98%) 

Corticomedullary  junction,  degeneration, 

fatty,  multifocal 

1 

(2%) 

Adrenal  gland,  cortex 

(50) 

(5) 

(4) 

(49) 

Degeneration,  fatty,  focal 

1 

(2%) 

Hematopoietic  cell  proliferation,  multifocal 

1 

(2%) 

Hyperplasia,  focal 

1 (2%) 

1 

(2%) 

Hyperplasia,  multifocal 

1 (2%) 

Hypertrophy,  focal 

2 (4%) 

2 

(4%) 

Hypertrophy,  multifocal 

1 (2%) 

1 

(2%) 

Adrenal  gland,  medulla 

(50) 

(5) 

(4) 

(49) 

Hyperplasia,  focal 

1 (2%) 

Infiltration  cellular,  plasma  cell,  focal 

1 

(2%) 

Pituitary  gland 

(46) 

(5) 

(6) 

(42) 

Pars  distalis,  cyst 

3 (7%) 

1 

(2%) 

Pars  distalis,  cyst,  multiple 

1 (2%) 

Pars  distalis,  hyperplasia,  focal 

5 (11%) 

1 (17%) 

6 

(14%) 

Pars  distalis,  hyperplasia,  multifocal 

2 (4%) 

Thyroid  gland 

(49) 

(4) 

(3) 

(49) 

Necrosis,  acute,  focal 

1 (2%) 

Follicular  cell,  hyperplasia 

1 

(2%) 

Follicular  cell,  hyperplasia,  focal 

1 (2%) 

1 

(2%) 

Follicular  cell,  hyperplasia,  multifocal 

1 

(2%) 

Interstitium,  inflammation,  chronic,  focal 

1 

(2%) 

GENERAL  BODY  SYSTEM 

None 

GENITAL  SYSTEM 

Ovary 

(50) 

(14) 

(17) 

(47) 

Angiectasis,  focal 

1 

(2%) 

Angiectasis,  multifocal 

1 (2%) 

1 (6%) 

Inflammation,  suppurative,  chronic,  multifocal 

2 

(4%) 

Thrombus,  chronic  active 

1 (2%) 

1 (7%) 

Corpus  luteum,  angiectasis,  multifocal 

1 

(2%) 

Follicle,  cyst 

10  (20%) 

7 (50%) 

11  (65%) 

14 

(30%) 

Follicle,  cyst,  multiple 

3 (6%) 

1 

(2%) 

Periovarian  tissue,  cyst 

3 (6%) 

1 (7%) 

5 (29%) 

1 

(2%) 

Periovarian  tissue,  infiltration  cellular, 

lymphocytic,  multifocal 

1 

(2%) 

Periovarian  tissue,  inflammation,  chronic 

active,  multifocal 

1 (7%) 

Rete  ovarii,  cyst 

1 

(2%) 
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TABLE  Do.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  Continued. 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

GENITAL  SYSTEM  (Continued) 

Uterus 

(50) 

(38) 

(42) 

(48) 

Inflammation,  suppurative,  chronic,  multifocal 

l (3%) 

2 

(4%) 

Endometrium,  angiectasis,  multifocal 

1 

(2%) 

Endometrium,  hyperplasia,  cystic. 

glandular,  multifocal 

45 

(90%) 

35  (92%) 

41  (98%) 

43 

90%) 

Mucosa,  metaplasia,  squamous,  multifocal 

1 

(2%) 

Myometrium,  angiectasis,  multifocal 

1 

(2%) 

HEMATOPOIETIC  SYSTEM 

Blood 

(1) 

(2) 

(3) 

Neutrophilia 

3 

(100%) 

Bone  marrow 

(48) 

(5) 

(3) 

(49) 

F emoral,  angiectasis,  focal 

1 

(2%) 

Femoral,  hyperplasia,  neutrophil,  diffuse 

2 

(4%) 

Femoral,  myelofibrosis,  multifocal 

3 

(6%) 

4 

(8%) 

Lymph  node 

(48) 

(5) 

(7) 

(47) 

Mediastinal,  hyperplasia,  lymphoid,  diffuse 

2 

(4%) 

Pancreatic,  inflammation,  chronic  active, 

multifocal 

1 (14%) 

Renal,  hyperplasia,  lymphoid,  diffuse 

1 

(2%) 

Lymph  node,  mandibular 

(46) 

(5) 

(5) 

(47) 

Hyperplasia,  lymphoid,  diffuse 

1 

(2%) 

Hyperplasia,  plasma  cell,  multifocal 

1 

(2%) 

Lymphatic,  angiectasis,  diffuse 

1 (20%) 

Lymph  node,  mesenteric 

(8) 

(4) 

(3) 

Cyst 

1 (25%) 

Hematopoietic  cell  proliferation,  multifocal 

1 (25%) 

Lymphatic,  ectasia,  focal 

1 

(13%) 

Spleen 

(50) 

(50) 

(50) 

(49) 

Capsule,  hyperplasia,  multifocal 

1 

(2%) 

Capsule,  inflammation,  chronic  active. 

multifocal 

1 (2%) 

Lymphoid  follicle,  necrosis,  acute,  multifocal  1 

(2%) 

2 (4%) 

Red  pulp,  hematopoietic  cell  proliferation. 

diffuse 

48 

(96%) 

50  (100%) 

49  (98%) 

48 

(98%) 

Red  pulp,  pigmentation,  hemosiderin. 

multifocal 

45 

(90%) 

47  (94%) 

49  < 98% 

49 

( 100%) 

Thymus 

(41) 

(4) 

(1) 

(35) 

Depletion  lymphoid,  multifocal 

1 

(3%) 

Necrosis,  acute,  multifocal 

1 

(2%) 

3 (75%) 

Medulla,  thymocyte,  hyperplasia,  diffuse 

1 

(2%) 

INTEGUMENTARY  SYSTEM 

Mammary  gland 

(38) 

(5) 

(3) 

(44) 

Hyperplasia,  cystic,  multifocal 

2 (67%) 

Skin 

(50) 

(7) 

(7) 

(49) 

Parasite  external 

3 

(6%) 

Ulcer 

2 (29%) 

Subcutaneous  tissue,  fibrosis,  multifocal 

1 (14%) 

Subcutaneous  tissue,  inflammation,  chronic 

active,  multifocal 

2 (29%) 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

MUSCULOSKELETAL  SYSTEM 

Bone 

(49) 

(6) 

(3) 

(50) 

Bilateral,  joint,  tarsal,  hyperostosis 

1 

(2%) 

Bilateral,  joint,  tarsal,  metaplasia,  osseous, 

multifocal 

1 

(2%) 

Cranium,  fibrous  osteodystrophy 

1 

(2%) 

Cranium,  hyperostosis,  focal 

1 

(2%) 

NERVOUS  SYSTEM 

Brain 

(48) 

(5) 

(3) 

(49) 

Hemorrhage,  multifocal 

1 

(2%) 

Necrosis,  acute,  multifocal 

1 (33%) 

Hypothalamus,  compression,  focal 

1 

(2%) 

Meninges,  infiltration  cellular,  lymphocytic. 

multifocal 

1 

(2%) 

2 

(4%) 

Meninges,  inflammation,  chronic  active. 

multifocal 

1 

(2%) 

RESPIRATORY  SYSTEM 

Lung 

(50) 

(8) 

(7) 

(50) 

Alveolar  epithelium,  hyperplasia,  focal 

1 (13%) 

3 

(6%) 

Alveolus,  hemorrhage,  multifocal 

1 (14%) 

1 

(2%) 

Interstitium,  inflammation,  chronic, 

multifocal 

2 

(4%) 

Interstitium,  inflammation,  chronic  active, 

focal 

1 

(2%) 

Interstitium,  inflammation,  chronic  active, 

multifocal 

1 

(2%) 

Mediastinum,  foreign  body,  multifocal 

1 

(2%) 

3 (38%) 

Perivascular,  hyperplasia,  lymphoid, 

multifocal 

1 

(2%) 

Perivascular,  inflammation,  chronic,  multifocal 

1 

(2%) 

Pleura,  inflammation,  acute,  diffuse 

1 (13%) 

SPECIAL  SENSES  SYSTEM 

Eye 

(1) 

(1) 

(1) 

Degeneration,  diffuse 

1 

(100%) 

Cornea,  inflammation,  necrotizing,  chronic 

active,  diffuse 

1 (100%) 

Harderian  gland 

(48) 

(4) 

(3) 

(47) 

Inflammation,  chronic  active,  diffuse 

1 

(2%) 

Acinus,  hyperplasia,  multifocal 

1 

(2%) 

URINARY  SYSTEM 

Kidney 

(50) 

(7) 

(4) 

(49) 

Inflammation,  chronic  active,  multifocal 

1 (25%) 

Mineralization,  multifocal 

1 

(2%) 

Nephropathy,  chronic,  diffuse 

1 

(2%) 

Nephropathy,  chronic,  focal 

3 

(6%) 

1 

(2%) 

Nephropathy,  chronic,  multifocal 

1 

(2%) 

1 

(2%) 

Capsule,  fibrosis,  chronic,  focal 

1 (25%) 

Glomerulus,  amyloid  deposition,  multifocal 

1 

(2%) 

Glomerulus,  inflammation,  chronic,  multifocal 

3 

(6%) 

Perivascular,  infiltration  cellular,  plasma 

cell,  multifocal 

1 

(2%) 
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TABLE  D5.  SUMMARY  OF  THE  INCIDENCE  OF  NONNEOPLASTIC  LESIONS  IN  FEMALE  MICE  IN  THE 
TWO-YEAR  GAVAGE  STUDY  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (Continued) 


Vehicle  Control 

Low  Dose 

Mid  Dose 

High  Dose 

URINARY  SYSTEM 

Kidney  (Continued)  (50) 

(7) 

(4) 

(49) 

Renal  tubule,  cytoplasmic  alteration,  diffuse 

Renal  tubule,  dilatation,  diffuse 

Renal  tubule,  pigmentation,  hemosiderin. 

1 (14%) 

1 (2%) 

multifocal 

38  (78%) 

Renal  tubule,  regeneration,  focal  3 (6%) 

Renal  tubule,  regeneration,  multifocal  4 (8%) 

3 (6%) 
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APPENDIX  E.  SENTINEL  ANIMAL  PROGRAM 


Methods 

Rodents  used  in  the  Carcinogenesis  Program  of  the  National  Toxicology  Program  are  produced  in  op- 
timally clean  facilities  to  eliminate  potential  pathogens  that  may  affect  study  results.  The  Sentinel 
Animal  Program  is  part  of  the  periodic  monitoring  of  animal  health  that  occurs  during  the  toxicologic 
evaluation  of  chemical  compounds.  Under  this  program,  the  disease  state  of  the  rodents  is  monitored 
via  viral  serology  on  sera  from  extra  (sentinel)  animals  in  the  study  rooms.  These  animals  are  un- 
treated, and  these  animals  and  the  study  animals  are  both  subject  to  identical  environmental  condi- 
tions. The  sentinel  animals  come  from  the  same  production  source  and  weanling  groups  as  the  ani- 
mals used  for  the  studies  of  chemical  compounds. 

Fifteen  B6C3Fi  mice  and  15  F344/N  rats  of  each  sex  were  selected  at  the  time  of  randomization  and 
allocation  of  the  animals  to  the  various  study  groups.  Five  animals  of  each  designated  sentinel  group 
were  killed  at  6 and  18  months  on  study.  Data  from  animals  surviving  24  months  were  collected  from 
5/50  randomly  selected  vehicle  control  animals  of  each  sex  and  species.  The  blood  from  each  animal 
was  collected  and  clotted,  and  the  serum  was  separated.  The  serum  was  cooled  on  ice  and  shipped  to 
Microbiological  Associates’  Comprehensive  Animal  Diagnostic  Service  for  determination  of  the  viral 
antibody  titers.  The  following  tests  were  performed: 

Hemagglutination  Complement 

Inhibition  Fixation  ELISA 


Mice 

PVM  (pneumonia  virus  of  mice) 

M.  Ad.  (mouse  adenovirus) 

MHV  (mouse  hepatitis 

Reo  3 (reovirus  type  3) 
GDVII  (Theiler’s 
encephalomyelitis  virus) 
Poly  (polyoma  virus) 

MVM  (minute  virus  of  mice) 
Ectro  (infectious  ectromelia) 
Sendai  (18,  24  mo) 

LCM  (lymphocytic 
choriomeningitis  virus) 
Sendai  (6  mo) 

virus) 

Rats 

PVM 

RCV  (rat  coronavirus) 

RCV/SDA  (sialo- 

KRV  (Kilham  rat  virus) 

(6  mo) 

dacryoadenitis  virus) 

H-l  (Toolan’s  H-l  virus) 
Sendai  (18,  24  mo) 

Sendai  (6  mo) 

(18,  24  mo) 

Results 


Results  are  presented  in  Table  E 1 . 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


232 


TABLE  El.  MURINE  VIRUS  ANTIBODY  DETERMINATIONS  FOR  RATS  AND  MICE  IN  THE  TWO-YEAR 
GAVAGE  STUDIES  OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Interval  (months) 

Number  of 
Animals 

Positive  Serologic 
Reaction  for 

RATS 

6 

- \ 

None  positive 

18 

- 

None  positive 

24 

~ 

None  positive 

MICE 

6 

- 

None  positive 

18 

1/10 

MHV 

24 

1/10 

2/10 

PVM 

MHV 

(a)  Blood  samples  were  taken  from  sentinel  animals  at  6 and  18  months  after  the  start  of  dosing  and  from  the  vehicle  control 
animals  just  before  they  were  killed;  samples  were  sent  to  Microbiological  Associates  (Bethesda,  MD)  for  determination  of 
antibody  titers. 
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TABLE  FI.  ANALYSIS  OF  ORGAN  WEIGHTS  FOR  RATS  IN  THE  THIRTEEN-WEEK  GAVAGE  STUDIES 

OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle 

Control 

5 

mg/kg 

10 

mg/kg 

20 

mg/kg 

40 

mg/kg 

80 

mg/kg 

MALE 

No.  weighed 

10 

10 

10 

10 

10 

10 

Body 

weight  (b) 

328 

± 12.1 

336 

± 5.5 

345 

± 3.8 

350 

± 12.0 

332 

± 8.6 

(c)  285 

± 8.5 

Brain 

1,927 

± 15 

1,919 

± 10 

1,957 

± 16 

1,935 

± 16 

1,884 

± 22 

(c)  1,850 

± 24 

Heart 

935 

± 20 

988 

± 28 

993 

± 15 

980 

± 16 

1,003 

± 26 

1,007 

± 43 

Kidney 

1,202 

± 30 

1,174 

± 29 

1,219 

± 17 

1,173 

± 21 

1,146 

± 27 

1,132 

± 37 

Liver  (grams] 

i 13.0 

± 0.42 

12.4 

± 0.26 

13.0 

± 0.31 

13.0 

± 0.37 

13.3 

± 0.49 

12.3 

± 0.45 

Lung 

1,638 

± 50 

1,652 

± 61 

1,697 

± 72 

1,616 

± 54 

1,681 

± 70 

(d)  1,444 

± 49 

Right  testis 

1,396 

± 33 

1,404 

± 14 

1,467 

± 18 

1,487 

± 27 

1,454 

± 22 

1,403 

± 26 

Spleen 

(e) 

804 

± 16 

1,057 

± 19 

(f)  1,638 

± 25 

(f)  3,368 

± 54 

(f)  4,748 

± 161 

Thymus 

286 

± 10 

261 

± 11 

265 

± 8 

290 

± 15 

(d)329 

± 16 

(c)  225 

± 10 

FEMALE 

No.  weighed 

9 

10 

10 

10 

10 

9 

Body 

weight  (b) 

200 

± 2.4 

198 

± 2.5 

199 

± 2.6 

189 

± 9.2 

195 

± 2.3 

194 

± 2.6 

Brain 

1,784 

± 17 

1,765 

± 21 

1,799 

± 15 

1,778 

± 14 

1,779 

± 12 

1,761 

± 15 

Heart 

628 

± 16 

639 

± 17 

686 

± 17 

643 

± 10 

665 

± 26 

(c)  744 

± 33 

Kidney 

698 

± 13 

691 

± 14 

722 

± 20 

724 

± 19 

739 

± 12 

(c)  792 

± 19 

Liver 

7,079 

± 201 

6,392 

± 162 

7,073 

± 134 

6,909 

± 143 

7,228 

± 156 

7,481 

± 223 

Lung 

1,100 

± 48 

1,143 

± 28 

(d)  1,272 

± 35 

1,230 

± 58 

1,098 

± 43 

1,113 

± 27 

Spleen 

447 

± 13 

<0  607 

± 9 

(c)  806 

± 15 

(c)  1,422 

± 30 

(c)  2,413 

± 71 

(c)  3,527 

± 57 

Thymus 

229 

± 7 

230 

± 9 

222 

± 15 

244 

± 11 

229 

± 9 

202 

± 6 

(a)  Mean  in  milligrams  ± standard  error,  except  as  noted.  P values  are  vs.  the  vehicle  controls:  Dunnett’s  test  was  used  when  a 
nonsignificant  result  was  obtained  by  the  Jonckheere  trend  test;  otherwise  Williams’  test  was  used  (Dunnett,  1980;  Jonckheere, 
1954;  Williams,  1971, 1972);  doses  calculated  as  p-chloroaniline. 

(b)  Absolute  necropsy  body  weight  (in  grams)  ± standard  error 

(c) P<0.01  vs.  vehicle  controls 

(d)  P<0.05  vs.  vehicle  controls 

(e)  Spleen  weights  not  recorded  for  vehicle  controls;  reported  P values  vs.  the  5 mg/kg  group. 

(f)  P<0.01  vs.  the  5 mg/kg  group 
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TABLE  F2.  ANALYSIS  OF  ORGAN  WEIGHTS  FOR  MICE  IN  THE  THIRTEEN-WEEK  GAVAGE  STUDIES 

OF  p-CHLORO ANILINE  HYDROCHLORIDE  (a) 


Vehicle 

7.5 

15 

30 

60 

120 

Control 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

MALE 

No.  weighed 

10 

10 

10 

10 

10 

8 

Body 

weight  (b) 

32.1 

+ 

1.14 

32.3 

± 

0.97 

31.6 

+ 

1.07 

33.5 

+ 

0.45 

32.8 

± 0.65 

31.9 

± 1.13 

Brain 

447 

+ 

5.8 

459 

+ 

5.4 

449 

+ 

7.5 

449 

± 

6.1 

455 

± 5.4 

440 

± 8.7 

Heart 

157 

± 

10.2 

163 

+ 

6.2 

170 

+ 

7.0 

(c)  192 

+ 

10.0 

(c)  188 

± 9.8 

(c)  190 

± 9.2 

Kidney 

270 

+ 

8.2 

278 

± 

9.4 

281 

+ 

10.6 

282 

± 

5.7 

273 

± 7.6 

273 

± 13.4 

Liver 

1,664 

+ 

49 

1,543 

+ 

67 

1,576 

± 

71 

1,800 

+ 

46 

1,817 

± 44 

1,813 

± 66 

Lung 

228 

+ 

12 

253 

+ 

12 

268 

+ 

18 

264 

± 

14 

(0  279 

± 15 

(d) 287 

± 13 

Spleen 

69 

+ 

4 

(c)  107 

± 

5 

(d) 132 

+ 

21 

(d) 196 

+ 

12 

(d) 266 

± 10 

(d) 398 

± 14 

Right  testis 

113 

+ 

3.9 

119 

+ 

2.9 

(0127 

+ 

4.0 

118 

+ 

4.1 

114 

± 3.3 

111 

± 3.2 

Thymus 

34 

+ 

2.6 

42 

+ 

4.0 

43 

+ 

3.3 

32 

+ 

2.9 

33 

± 2.6 

33 

± 2.7 

FEMALE 

No.  weighed 

9 

10 

10 

9 

7 

8 

Body 


weight  (b) 

27.2 

± 0.66 

25.8 

± 0.47 

25.1 

± 0.77 

26.0 

± 0.58 

27.4 

± 0.65 

26.9 

± 0.48 

Brain 

486 

± 7.4 

461 

± 8.6 

461 

± 6.7 

460 

± 9.2 

472 

± 8.1 

471 

± 5.6 

Heart 

134 

± 3.9 

144 

± 4.8 

134 

± 6.1 

142 

± 8.6 

158 

± 11.0 

145 

± 5.0 

Kidney 

202 

± 8.7 

187 

± 2.7 

182 

± 5.1 

189 

± 9.3 

187 

± 10.5 

200 

± 5.9 

Liver 

1,475 

± 39 

1,300 

± 32 

1,245 

± 61 

1,388 

± 63 

1,459 

± 54 

1,603 

± 38 

Lung 

225 

± 6 

225 

± 13 

212 

± 11 

262 

± 15 

242 

± 10 

244 

± 17 

Spleen 

93 

± 5 

97 

± 5 

125 

± 6 

(d) 206 

± 14 

(d) 293 

± 17 

(d) 532 

± 24 

Thymus 

46 

± 2.9 

48 

± 2.5 

43 

± 2.4 

46 

± 3.0 

39 

± 2.2 

43 

± 3.9 

(a)  Mean  in  milligrams  ± standard  error,  except  as  noted.  P values  are  vs.  the  vehicle  controls:  Dunnett’s  test  was  used  when  a 
nonsignificant  result  was  obtained  by  the  Jonckheere  trend  test;  otherwise  Williams’ test  was  used  (Dunnett,  1980;  Jonckheere, 
1954;  Williams,  1971, 1972);  doses  calculated  as p-chloroaniline. 

(b)  Absolute  necropsy  body  weight  (in  grams)  ± standard  error 

(c) P<0.05 

(d)  P<0.01 
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APPENDIX  G 


INGREDIENTS,  NUTRIENT  COMPOSITION,  AND 
CONTAMINANT  LEVELS  IN 
NIH  07  RAT  AND  MOUSE  RATION 

Pelleted  Diet:  November  1981  to  December  1983 

(Manufactured  by  Zeigler  Bros.,  Inc.,  Gardners,  PA) 


TABLE  G1  INGREDIENTS  OF  NIH  07  RAT  AND  MOUSE  RATION 
TABLE  G2  VITAMINS  AND  MINERALS  IN  NIH  07  RAT  AND  MOUSE  RATION 
TABLE  G3  NUTRIENT  COMPOSITION  OF  NIH  07  RAT  AND  MOUSE  RATION 
TABLE  G4  CONTAMINANT  LEVELS  IN  NIH  07  RAT  AND  MOUSE  RATION 
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TABLE  Gl.  INGREDIENTS  OF  NIH  07  RAT  AND  MOUSE  RATION  (a) 


Ingredients  (b) 

Percent  by  Weight 

Ground  #2  yellow  shelled  corn 

24.50 

Ground  hard  winter  wheat 

23.00 

Soybean  meal  (49%  protein) 

12.00 

Fish  meal  (60%  protein) 

10.00 

Wheat  middlings 

10.00 

Dried  skim  milk 

5.00 

Alfalfa  meal  (dehydrated,  17%  protein) 

4.00 

Corn  gluten  meal  (60%  protein) 

3.00 

Soy  oil 

2.50 

Dried  brewer’s  yeast 

2.00 

Dry  molasses 

1.50 

Dicalcium  phosphate 

1.25 

Ground  limestone 

0.50 

Salt 

0.50 

Premixes  (vitamin  and  mineral) 

0.25 

(a)  NCI,  1976;  NIH,  1978 

(b)  Ingredients  ground  to  pass  through  a U.S.  Standard  Screen  No.  16  before  being  mixed 

TABLE  G2.  VITAMINS  AND  MINERALS  IN  NIH  07  RAT  AND  MOUSE  RATION  (a) 

Amount 

Source 

Vitamins 

A 

5,500,000  IU 

Stabilized  vitamin  A palmitate  or  acetate 

d3 

4,600,000  IU 

D-activated  animal  sterol 

k3 

2.8  g 

Menadione 

d-a-Tocopheryl  acetate 

20,000  IU 

Choline 

560.0  g 

Choline  chloride 

Folic  acid 

2.2  g 

Niacin 

30.0  g 

d-Pantothenic  acid 

18.0  g 

d-Calcium  pantothenate 

Riboflavin 

3.4  g 

Thiamine 

10.0  g 

Thiamine  mononitrate 

B12 

4,000  pg 

Pyridoxine 

1-7  g 

Pyridoxine  hydrochloride 

Biotin 

140.0  mg 

d-Biotin 

Minerals 

Iron 

120.0  g 

Iron  sulfate 

Manganese 

60.0  g 

Manganous  oxide 

Zinc 

16.0  g 

Zinc  oxide 

Copper 

4.0  g 

Copper  sulfate 

Iodine 

1.4  g 

Calcium  iodate 

Cobalt 

0.4  g 

Cobalt  carbonate 

(a)  Per  ton  (2,000  lb)  of  finished  product 
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TABLE  G3.  NUTRIENT  COMPOSITION  OF  NIH  07  RAT  AND  MOUSE  RATION 


Nutrients 

Mean  ± Standard 
Deviation 

Range 

Number  of 
Samples 

Protein  (percent  by  weight) 

23.59 

± 

0.94 

22.2-26.3 

26 

Crude  fat  (percent  by  weight) 

4.96 

+ 

0.52 

3.3-5.7 

26 

Crude  fiber  (percent  by  weight) 

3.39 

± 

0.52 

2. 9-5. 6 

26 

Ash  (percent  by  weight) 

6.51 

± 

0.49 

5.7-7.3 

26 

Amino  Acids  (percent  of  total  diet) 

Arginine 

1.32 

+ 

0.072 

1.310-1.390 

5 

Cystine 

0.319 

± 

0.088 

0.218-0.400 

5 

Glycine 

1.146 

± 

0.063 

1.060-1.210 

5 

Histidine 

0.571 

+ 

0.026 

0.531-0.603 

5 

Isoleucine 

0.914 

± 

0.030 

0.881-0.944 

5 

Leucine 

1.946 

+ 

0.056 

1.850-1.990 

5 

Lysine 

1.280 

+ 

0.067 

1.200-1.370 

5 

Methionine 

0.436 

+ 

0.165 

0.306-0.699 

5 

Phenylalanine 

0.938 

± 

0.158 

0.665-1.05 

5 

Threonine 

0.855 

+ 

0.035 

0.824-0.898 

5 

Tryptophan 

0.277 

± 

0.221 

0.156-0.671 

5 

Tyrosine 

0.618 

+ 

0.086 

0.564-0.769 

5 

Valine 

1.108 

+ 

0.043 

1.050-1.170 

5 

Essential  Fatty  Acids  (percent  of  total  diet) 
Linoleic  2.290 

± 

0.313 

1.83-2.52 

5 

Linolenic 

0.258 

+ 

0.040 

0.210-0.308 

5 

Vitamins 

Vitamin  A (IU/kg) 

12,084 

+ 

4,821 

3,600-24,000 

26 

Vitamin  D (IU/kg) 

4,450 

± 

1,382 

3,000-6,300 

4 

a-Tocopherol  (ppm) 

43.58 

+ 

6.92 

31.1-48.0 

5 

Thiamine  (ppm) 

16.9 

+ 

2.42 

12.0-21.0 

26 

Riboflavin  (ppm) 

7.6 

± 

0.85 

7.58-8.2 

5 

Niacin  (ppm) 

97.8 

+ 

31.68 

65.0-150.0 

5 

Pantothenic  acid  (ppm) 

30.06 

+ 

4.31 

23.0-34.0 

5 

Pyridoxine  (ppm) 

7.68 

± 

1.31 

5.60-8.8 

5 

Folic  acid  (ppm) 

2.62 

+ 

0.89 

1.80-3.7 

5 

Biotin  (ppm) 

0.254 

± 

0.053 

0.19-0.32 

5 

Vitamin  B12(ppb) 

24.21 

+ 

12.66 

10.6-38.0 

5 

Choline  (ppm) 

3,122 

+ 

416.8 

2,400-3,430 

5 

Minerals 

Calcium  (percent) 

1.30 

+ 

0.13 

1.11-1.63 

26 

Phosphorus  (percent) 

0.97 

+ 

0.05 

0.88-1.10 

26 

Potassium  (percent) 

0.900 

± 

0.098 

0.772-0.971 

3 

Chloride  (percent) 

0.513 

± 

0.114 

0.380-0.635 

5 

Sodium  (percent) 

0.323 

+ 

0.043 

0.258-0.371 

5 

Magnesium  (percent) 

0.167 

± 

0.012 

0.151-0.181 

5 

Sulfur  (percent) 

0.304 

± 

0.064 

0.268-0.420 

5 

Iron  (ppm) 

410.3 

± 

94.04 

262.0-523.0 

5 

Manganese  (ppm) 

90.29 

± 

7.15 

81.7-99.4 

5 

Zinc  (ppm) 

52.78 

± 

4.94 

46.1-58.2 

5 

Copper  (ppm) 

10.72 

± 

2.76 

8.09-15.39 

5 

Iodine  (ppm) 

2.95 

± 

1.05 

1.52-3.82 

4 

Chromium  (ppm) 

1.85 

± 

0.25 

1.44-2.09 

5 

Cobalt  (ppm) 

0.681 

± 

0.14 

0.490-0.780 

4 
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TABLE  G4.  CONTAMINANT  LEVELS  IN  NIH  07  RAT  AND  MOUSE  RATION 


Contaminants 

Mean  ± Standard 
Deviation 

Range 

Number  of 
Samples 

Arsenic  (ppm) 

0.52  ± 0.13 

0.29-0.77 

26 

Cadmium  (ppm)  (a) 

<0.10 

26 

Lead  (ppm) 

0.76  ± 0.62 

0.33-3.37 

26 

Mercury  (ppm)  (a) 

<0.05 

26 

Selenium  (ppm) 

0.29  ± 0.07 

0.13-0.40 

26 

Aflatoxins  (ppb)  (a) 

<5.0 

26 

Nitrate  nitrogen  (ppm)  (b) 

8.66  ± 4.47 

0.10-22.0 

26 

Nitrite  nitrogen  (ppm)  (b) 

2.16  ± 1.97 

0.10-7.20 

26 

BHA(ppm)(c) 

4.63  ± 4.74 

2.0-17.0 

26 

BHT(ppm)(c) 

2.67  ± 2.58 

0.9-12.0 

26 

Aerobic  plate  count  (CFU/g)  (d) 

41,212  ± 34,610 

4,900-130,000 

26 

Coliform  (MPN/g)  (e) 

48.42  ± 123 

3.0-460 

26 

E.  co/i(MPN/g)(a) 

<3.0 

26 

Total  nitrosamines  (ppb)  (f) 

5.25  ± 5.80 

1.7-30.9 

26 

N-Nitrosodimethylamine  (ppb)  (f) 

4.12  ± 5.83 

0.8-30.0 

26 

N-Nitrosopyrrolidine  (ppb)  (f) 

1.13  ± 0.46 

0.81-2.9 

26 

Pesticides  (ppm) 

a-BHC  (a,g) 

<0.01 

26 

fr-BHC  (a) 

<0.02 

26 

y-BHC-Lindane  (a) 

<0.01 

26 

&-BHC  (a) 

<0.01 

26 

Heptachlor  (a) 

<0.01 

26 

Aldrin  (a) 

<0.01 

26 

Heptachlor  epoxide  (a) 

<0.01 

26 

DDE  (a) 

<0.01 

26 

DDD(a) 

<0.01 

26 

DDT  (a) 

<0.01 

26 

HCB(a) 

<0.01 

26 

Mirex(a) 

<0.01 

26 

Methoxychlor  (a) 

<0.05 

26 

Dieldrin  (a) 

<0.01 

26 

Endrin  (a) 

<0.01 

26 

Telodrin  (a) 

<0.01 

26 

Chlordane  (a) 

<0.05 

26 

Toxaphene (a) 

<0.1 

26 

Estimated  PCBs  (a) 

<0.2 

26 

Ronnel(a) 

<0.01 

26 

Ethion(a) 

<0.02 

26 

Trithion  (a) 

<0.05 

26 

Diazinon  (a) 

<0.1 

26 

Methyl  parathion  (a) 

<0.02 

26 

Ethyl  parathion  (a) 

<0.02 

26 

Malathion  (h) 

0.10  ± 0.09 

0.05-0.45 

26 

Endosulfan  I (a) 

<0.01 

26 

Endosulfan  II  (a) 

<0.01 

25 

Endosulfan  sulfate  (a) 

<0.03 

26 

(a)  All  values  were  less  than  the  detection  limit,  given  in  the  table  as  the  mean. 

(b)  Source  of  contamination:  alfalfa,  grains,  and  fish  meal 

(c)  Source  of  contamination:  soy  oil  and  fish  meal 

(d)  CFU  = colony-forming  unit 

(e)  MPN  = most  probable  number 

(f)  All  values  were  corrected  for  percent  recovery. 

(g)  BHC  = hexachlorocyclohexane  or  benzene  hexachloride 

(h)  Thirteen  batches  contained  more  than  0.05  ppm. 
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A study  of  the  distribution  and  disposition  of  p-chloroaniline  and  p-chloroaniline  hydrochloride  in 
F344  rats  was  conducted  at  the  University  of  Arizona  under  the  sponsorship  of  the  National  Toxicol- 
ogy Program  (NIEHS  contract  no.  NOl-ES-8-2130).  The  laboratory  report  is  on  file  at  the  National 
Toxicology  Program,  National  Institute  of  Environmental  Health  Sciences,  Research  Triangle  Park, 
North  Carolina. 

OVERVIEW  OF  p-CHLOROANILINE  PHARMACOKINETICS  IN  F344  RATS 

In  F344  rats,  p-chloroaniline  was  rapidly  eliminated  after  a single  oral  dose.  The  primary  route  of  ex- 
cretion was  the  urine,  where  approximately  75%  of  the  administered  carbon- 14  appeared  within  24 
hours,  and  approximately  10%  was  found  in  the  feces.  Elimination  was  found  to  be  independent  of 
dose  within  a hundredfold  dose  range  (0.3-30  mg/kg).  Seven  days  after  administration,  the  only 
tissue  containing  significant  amounts  of  radioactivity  was  the  erythrocyte  fraction  of  whole  blood. 

The  excretory  profile  after  a single  0.3  mg/kg  intravenous  dose  of  [14C]p-chloroaniline  was  essentially 
identical  to  that  following  oral  administration.  Urinary  excretion  of  carbon-14  was  rapid,  with  ap- 
proximately 60%  of  the  dose  appearing  in  urine  within  4 hours.  By  24  hours,  only  4%  of  the  urinary 
carbon-14  was  present  as  p-chloroaniline,  and  less  than  1%  of  the  dose  appeared  in  the  feces.  No  p- 
chloroacetanilide,  a major  circulating  metabolite  of  p-chloroaniline,  was  detected  in  either  urine  or 
feces  over  a 3-day  period. 

There  were  no  apparent  tissue  depots  of  p-chloroaniline  or  metabolites  after  a single  intravenous  dose 
of  3 mg/kg  except  for  erythrocytes.  Tissue  levels  of  carbon-14  peaked  30  minutes  to  1 hour  after  intra- 
venous administration,  with  the  highest  percentage  of  dose  being  found  in  liver,  muscle,  fat,  and  skin. 
Elimination  from  all  tissues  followed  bi-exponential  kinetics. 

The  pharmacokinetics  of  p-chloroacetanilide  followed  mono-exponential  decay  kinetics  with  an  ap- 
pearance phase.  The  appearance  half-life  (ta^.)  of  p-chloroacetanilide  was  about  10  minutes,  and  the 
elimination  (tpp  was  on  the  order  of  1.5-2  hours. 

These  results  demonstrate  that  after  intravenous  administration  to  F344  rats,  p-chloroaniline  is 
rapidly  N-acetylated  to  p-chloroacetanilide  as  the  first  step  in  metabolism  and  excretion  of  p-chloro- 
aniline.  The  absence  of  any  p-chloroacetanilide  in  the  urine  indicates  further  metabolism  of  p-chloro- 
acetanilide prior  to  excretion  via  that  route. 

MATERIALS  AND  METHODS 

Chemicals  and  Animals 

Uniformly  ring-labeled  [14C]p-chloroaniline  (specific  activity  5.0  mCi/mmol)  was  purchased  from 
KOR  Inc.  (Cambridge,  Massachusetts).  Unlabeled  p-chloroaniline  was  purchased  from  Aldrich 
Chemical  Co.  (Milwaukee,  Wisconsin)  and  was  recrystallized  twice  from  ethanokwater  (1:1)  before 
use.  Spectrophotometric-grade  p-nitrophenol  was  obtained  from  Sigma  Chemical  Co.  (Milwaukee, 
Wisconsin).  p-Chloroacetanilide  was  prepared  by  refluxing  p-chloroaniline  with  acetic  anhydride. 
Recrystallization  from  50%  acetic  acid  produced  colorless  needles  with  a melting  point  of  176°-178°  C 
(compared  with  177°-178°  C,  Merck,  1983).  Mass  spectra  of  the  synthesized  p-chloroacetanilide  con- 
firmed its  structure.  p-Chloroglycoanilide  was  prepared  by  the  method  of  Shapiro  et  al.  (1959).  The 
identity  of  this  material  was  confirmed  by  proton  magnetic  resonance  spectroscopy  and  mass  spec- 
trometry. Heptane  sulfonic  acid  sodium  salt  was  obtained  from  Eastman  Kodak  Co.  (Rochester,  New 
York),  and  high-performance  liquid  chromatography-grade  acetonitrile  was  purchased  from  Burdick 
and  Jackson  Laboratories  (Muskegon,  Michigan).  Inactin®  (methylpropyl-N'-ethylthiobarbiturate) 
was  obtained  from  Andrew  Lockwood  Association  (Madison,  Wisconsin).  All  other  chemicals  were  of 
reagent  or  scintillation  quality  as  required. 
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Male  F344  rats  weighing  150-200  g,  purchased  from  M.A.  Bioproducts  (Walkersville,  Maryland), 
were  housed  individually  in  stainless  steel  metabolism  cages  designed  to  separate  urine  from  feces 
and  were  provided  with  feed  and  water  ad  libitum. 

Distribution/Disposition  Studies 

The  effect  of  dose  on  the  disposition  of  p-chloroaniline  after  oral  administration  of  0.3,  3,  or  30  mg/kg 
p-chloroaniline  in  0.01  N hydrochloric  acid  was  determined  in  rats  (three  animals  per  dose).  Rats  at 
the  two  higher  doses  received  40  pCi/kg,  and  those  at  the  lowest  dose  received  9 pCi/kg.  Urine  and 
feces  were  collected  daily  and  analyzed  for  total  carbon-14,  and  the  percentage  of  excreted  dose  was 
calculated.  Urine  samples  (0.5  ml)  were  added  directly  to  Betaphase  scintillation  fluid  (Westchem 
Products,  San  Diego,  California)  and  analyzed  directly  by  liquid  scintillation  counting  (LS-100C 
Beckman  Instruments,  Fullerton,  California).  Feces  were  digested  in  15  ml  of  0.5  N sodium 
hydroxide,  and  0.5  g aliquots  were  oxidized  to  carbon[l4C]  dioxide  in  a Packard  Tri-Carb  sample 
oxidizer  (Packard  Instruments,  Downers  Grove,  Illinois),  as  previously  described  (Miller  et  al.,  1982). 

Tissue  distribution  and  pharmacokinetic  studies  were  conducted  in  rats  after  a single  intravenous  in- 
jection via  the  tail  vein  with  3 mg/kg  p-chloroaniline  (30  pCi/kg)  dissolved  in  a mixture  of  etha- 
nokpropylene  glycokwater  (1:1:8).  Three  animals  were  killed  at  times  ranging  from  15  minutes  to  3 
days.  Tissues  saved  for  analysis  included  brain,  lung,  liver,  kidney,  spleen,  small  intestine,  testis, 
renal  fat,  muscle,  and  skin.  Urinary  bladder  and  intestinal  contents  were  combined  with  that  day’s 
urine  and  feces,  respectively.  Blood  was  obtained  by  cardiac  puncture,  and  a 1-ml  aliquot  was  im- 
mediately mixed  with  two  volumes  of  acetonitrile  for  later  analysis  for  p-chloroaniline.  The  re- 
mainder of  the  sample  was  stored  at  4°  C in  heparinized  glass  tubes.  Tissue  samples  were  kept  frozen 
at  — 10°  C prior  to  analysis. 

Tissue  aliquots  (0. 1-0.5  g)  were  analyzed  in  duplicate  for  total  carbon-14  as  previously  described.  The 
percentage  of  the  total  dose  found  in  tissues  was  based  on  the  wet  tissue  weight,  with  estimates  of  9%, 
50%,  7%,  and  16%  of  the  total  body  weight  being  used  for  blood,  muscle,  fat,  and  skin,  respectively 
(Matthews  and  Anderson,  1975). 

Biliary  Excretion 

Bile  was  collected  from  the  common  bile  duct  of  anesthetized  (100  mg/kg  Inactin®)  rats  after  can- 
nulation  with  PE10  polyethylene  tubing  (Clay  Adams,  New  York).  After  30  minutes  of  bile  collec- 
tion, 3 mg/kg  p-chloroaniline  (30  pCi/kg)  was  administered  via  the  tail  vein.  Bile  samples  were  col- 
lected at  30-minute  intervals  for  6.0  hours.  Duplicate  25-pl  samples  were  assayed  directly  by  liquid 
scintillation  counting  for  quantification  of  total  carbon-14.  Pooled  6-hour  samples  were  also  analyzed 
for  p-chloroaniline  as  described  below  for  urine. 

Separation  of  p-Chloroaniline  from  Metabolites 

p-Chloroaniline  was  separated  from  its  metabolites  in  those  tissues  that  contained  greater  than  1%  of 
the  administered  dose  and  was  assayed  by  high-performance  liquid  chromatography.  Blood  samples 
for  high-performance  liquid  chromatography  analysis  were  added  to  two  volumes  of  acetonitrile  at 
the  time  of  collection,  and  the  protein  precipitate  was  separated  by  centrifugation.  The  supernatant 
was  then  extracted  with  two  additional  volumes  of  acetonitrile.  The  extracts  were  pooled  and  washed 
with  1 ml  of  hexane  to  remove  lipids.  The  hexane  layer  was  discarded,  since  it  contained  less  than 
100  disintegrations  per  minute  (dpm)  of  carbon-14.  The  pooled  acetonitrile  extracts  were  evaporated 
to  near  dryness  under  a stream  of  dry  nitrogen  before  the  addition  of  200  pi  of  a mixture  of  acetoni- 
trile: water:acetic  acid  (25:24:1)  which  contained  40  pg/ml  unlabeled  p-chloroaniline  and  p-nitro- 
phenol.  The  protein  pellets  remaining  after  the  acetonitrile  extractions  were  oxidized  to  carbon[14C] 
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dioxide  to  determine  nonextractable  radioactivity.  Urine  samples  were  diluted  with  an  equal  volume 
of  acetonitrile  containing  40  pg/ml  p-chloroaniline  and  p-nitrophenol  prior  to  high-performance  liq- 
uid chromatographic  analysis.  All  other  tissues  were  solubilized  in  0.5  N sodium  hydroxide  at  40°  C 
for  24  hours  and  extracted  twice  with  a diethyl  ether:acetonitrile:hexane  (8:1:1)  mixture.  The  pooled 
extracts  were  concentrated  under  a stream  of  dry  nitrogen.  The  residue  was  dissolved  in  1 ml  of  ace- 
tonitrile and  extracted  with  1 ml  of  hexane.  The  hexane  washes  contained  notable  quantities  of  me- 
tabolites which  were  taken  into  account  in  the  calculations.  The  washed  acetonitrile  extracts  from 
tissue  homogenates  were  then  treated  as  those  for  blood.  These  extraction  procedures  recovered  more 
than  90%  of  the  [14C]p-chloroaniline  added  to  control  blood,  liver  homogenates,  and  urine  samples; 
stability  studies  showed  that  p-chloroaniline  and  p-chloroacetanilide  levels  were  unaffected  by  these 
procedures.  However,  recovery  of  total  carbon-14  from  tissues  was  between  30%  and  80%  regardless 
of  the  time  point,  and  that  from  blood  ranged  from  80%  at  15  minutes  to  less  than  1%  by  24  hours, 
suggesting  that  substantial  binding  may  have  occurred.  This  nonextractable  radioactivity  was  as- 
sumed to  be  unidentified  metabolites  of  p-chloroaniline. 

For  high-performance  liquid  chromatographic  analysis,  a 250  X 4.6  mm  Spherisorb  5 p C-6  reverse 
phase  column  (Chromanetics  Inc.,  Baltimore,  Maryland)  was  used.  The  mobile  phase  was  acetoni- 
trile:water:acetic  acid  (37:62:1),  containing  5 mM  heptane  sulfonic  acid  as  an  ion-pairing  agent  at  a 

1.5  ml/minute  flow  rate.  A Spectra  Physics  Model  3500  B high-performance  liquid  chromatography 
system  was  used  with  a Spectra  Physics  model  8200  ultraviolet  detector  set  at  254  nm.  With  this  sys- 
tem, p-chloroglycoanilide,  p-nitrophenol,  p-chloroacetanilide,  and  p-chloroaniline  elute  at  4,  5,  6,  and 
7 minutes,  respectively.  Quantification  of  tissue  extracts  was  accomplished  by  collecting  the  column 
effluent  at  1-minute  intervals  (p-chloroaniline  and  p-chloroacetanilide  were  collected  as  discrete 
peaks)  and  analyzing  for  carbon-14  by  liquid  scintillation  counting.  With  this  method,  the  limit  of  de- 
tection was  determined  to  be  100  dpm  above  background. 

Pharmacokinetic  Analysis 

Pharmacokinetic  analyses  were  performed  on  the  distribution  data  for  total  carbon-14,  p-chloro- 
acetanilide, and  p-chloroaniline  in  blood,  tissues,  and  excreta  by  the  nonlinear  regression  program 
NONLIN  (Metzler,  1969).  The  equations  used  to  derive  the  kinetic  curves  representing  the  best  sta- 
tistical fit  (P  < 0.05)  to  the  data  were  described  by  Gibaldi  and  Perrier  (1975). 

The  concentration  (C)  of  p-chloroaniline  and  of  total  carbon-14  was  best  described  by  the  bi-exponen- 
tial equation  I: 

I.  C = Ae  — Qit  -I-  Be- Q2t 

For  total  carbon-14  in  urine  and  feces,  the  data  were  best  described  by  equation  II: 

II.  C = A(1  — eQt) 

The  presence  of  total  carbon-14  showed  an  appearance  phase  in  the  intestinal  contents  which  fit 
equation  III: 

III.  C = A(e-ait  _ e-a2t) 

The  previous  equation  (III)  was  also  used  to  fit  the  p-chloroacetanilide  data  for  all  tissues  except  liver 
and  blood.  Data  for  liver  and  blood  were  described  by  equation  IV: 

IV.  C = Ae-Qt 
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In  the  above  equations,  A and  B are  constants  and  ai  and  02  are  first  and  second  phase  rate  constants, 
respectively.  Time  (t)  is  in  hours. 

RESULTS 

After  oral  administration  of  0.3,  3,  or  30  mg/kg  p-chloroaniline,  [14C]p-chloroaniline  equivalents  were 
rapidly  excreted.  At  24  hours,  77%  of  the  dose  appeared  in  the  urine  and  10%  in  the  feces.  After  7 
days,  83.7%  ± 7.9%  of  the  dose  had  been  excreted  in  the  urine  and  10.8%  ± 1.9%  in  the  feces  (Figure 
HI).  At  this  time,  the  only  tissue  containing  greater  than  1%  of  the  administered  dose  was  the  cellu- 
lar component  of  blood,  which  contained  l%-2%  of  the  dose.  Since  excretion  was  found  to  be 
independent  of  dose,  the  mid  dose  of  3 mg/kg  was  used  for  subsequent  intravenous  studies. 

Total  Carbon- 14  Kinetics 

After  an  intravenous  injection  of  [14C]p-chloroaniline,  total  radioactivity  was  rapidly  distributed, 
with  maximal  levels  being  reached  in  most  tissues  within  15  minutes.  At  this  time,  muscle  (34%),  fat 
(14%),  skin  (12%),  liver  (8%),  and  blood  (7%)  contained  the  majority  of  radioactivity,  and  the  small 
intestine  and  kidney  each  contained  approximately  3%  of  the  dose.  The  elimination  of  total  carbon- 14 
from  all  tissues  was  best  described  by  first  order  biphasic  elimination  kinetics  (Figures  H2  and  H3). 
The  initial  elimination  half-lives  were  similar  for  all  tissues  and  ranged  between  1.5  and  4 hours.  By 
8 hours,  approximately  90%  of  the  administered  dose  was  eliminated  from  the  blood  and  tissues  into 
the  urine  and  feces.  Because  of  this  rapid  elimination,  accurate  terminal  decay  rate  constants  were 
difficult  to  determine  but  were  calculated  to  be  approximately  48  hours.  The  terminal  elimination 
phase  of  carbon-14  equivalents  represented  only  6%  of  the  dose,  and  4%  of  the  dose  was  found  in  whole 
blood  (Figure  H4). 

p-Chloroaniline  Kinetics 

Accurate  determination  of  the  rate  of  p-chloroaniline  elimination  from  tissues  was  difficult  because  of 
its  rapid  disappearance.  Tissues  analyzed  displayed  bi-exponential  decay  kinetics  with  initial  half- 
lives  of  approximately  8 minutes  and  terminal  half-lives  of  3-4  hours,  except  for  adipose  tissue  and 
small  intestine  which  had  terminal  half-lives  of  29  and  23  hours,  respectively  (Table  HI).  With  blood, 
muscle,  fat,  and  skin,  the  best  fit  for  the  kinetic  curve  was  determined  after  deleting  data  at  1 hour. 
These  tissues  had  concentrations  of  p-chloroaniline  at  1 hour  which  were  considerably  higher  than  at 
the  other  time  points.  The  results  at  1 hour  were  confirmed  in  a repeated  experiment;  therefore,  the 
data  were  not  considered  to  be  in  error. 

p-Chloroacetanilide  Pharmacokinetics 

The  kinetics  of  p-chloroacetanilide  in  those  tissues  examined  followed  monophasic  elimination  kinet- 
ics preceded  by  a short  appearance  phase  in  all  tissues  except  liver  and  whole  blood  (Table  H2).  The 
distribution  of  p-chloroacetanilide  was  similar  to  that  of  total  carbon- 14,  with  the  highest  levels  being 
found  in  muscle,  skin,  fat,  liver,  and  blood.  The  half-life  of  appearance  of  p-chloroacetanilide  was  ap- 
proximately 10  minutes,  and  the  elimination  half-life  was  3 hours. 
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FIGURE  HI.  EXCRETION  OF  CARBON-14  IN  F344  RATS  AFTER  GAVAGE 
ADMINISTRATION  OF  [i4C]p-CHLOROANILINE  IN  AQUEOUS  HYDROCHLORIC 

ACID 
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FIGURE  H2.  ELIMINATION  OF  CARBON-14  FROM  THE  MUSCLE,  FAT,  LIVER, 
SKIN,  AND  SMALL  INTESTINE  OF  F344  RATS  AFTER  INTRAVENOUS 
ADMINISTRATION  OF  [i4C>CHLOROANILINE 


249  p-Chloroaniline  Hydrochloride,  NTP  TR  351 


Percent  of  dose  in  Tissues  (as  total 


tfi.O 


14 


0.1 


0.01 


I.v.  3.0  ag/kg 

O kidney 
• brain 
A testes 
A lung 
O spleen 

■ intestinal  contents 


30  30 

Tim*  < hours' 


50 


FIGURE  H3.  ELIMINATION  OF  CARBON-14  IN  THE  KIDNEY,  BRAIN,  TESTIS, 
LUNG,  SPLEEN,  AND  INTESTINAL  CONTENTS  OF  F344  RATS  AFTER 
INTRAVENOUS  ADMINISTRATION  OF  [HClp-CHLOROANILINE 
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FIGURE  H4.  BLOOD  AND  PLASMA  LEVELS  OF  CARBON-14  IN  F344  RATS  AFTER 
INTRAVENOUS  ADMINISTRATION  OF  [HCJp-CHLOROANILINE  (3  mg/kg) 
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TABLE  HI.  ELIMINATION  OF  p-CHLORO ANILINE  FROM  TISSUES  OF  F344  RATS  ADMINISTERED 

p-CHLORO ANILINE  BY  INTRAVENOUS  INJECTION  (a) 


Tissue 

A 

(percent) 

a 

(hours) 

B 

(percent) 

P 

lP 

(hours) 

Kidney 

1.31 

7.9 

0.087 

0.36 

0.17 

3.87 

Small  intestine 

1.12 

3.7 

0.187 

0.59 

0.03 

23 

Adipose  tissue 

3.59 

3.8 

0.182 

0.28 

0.02 

29 

Muscle 

22.6 

5.6 

0.124 

1.3 

0.12 

5.4 

Skin 

8.60 

5.10 

0.124 

0.58 

0.17 

4.0 

Whole  blood 

0.82 

7.90 

0.087 

0.01 

0.15 

4.56 

(a)  Dose  = 3 mg/kg;  data  fitted  to  equation  I described  in  the  Materials  and  Methods  section  of  Appendix  H. 


TABLE  H2.  THE  CONCENTRATION  OF  p-CHLORO  ACETANILIDE  IN  TISSUES  OF  F344  RATS 
ADMINISTERED  p-CHLORO  ANILINE  BY  INTRAVENOUS  INJECTION 


Tissue 

A 

(percent) 

a 

(hours) 

P 

tp 

(hours) 

Liver 

3.00 

0.23 

(a)  3.04 

Whole  blood 

7.43 

- 

- 

0.25 

(a)  2.74 

Kidney 

1.0 

4.4 

0.15 

0.48 

1.44 

Small  intestine 

1.71 

10.5 

0.07 

0.30 

2.30 

Muscle 

39.4 

4.4 

0.16 

0.48 

1.44 

Adipose  tissue 

7.9 

4.8 

0.15 

0.36 

1.90 

Skin 

7.8 

10.0 

0.069 

0.39 

1.76 

(a)  Dose  = 3 mg/kg.  Liver  and  blood  data  were  fitted  to  equation  IV  described  in  the  Materials  and  Methods  section  of 
Appendix  H;  all  other  data  were  fitted  to  equation  I. 


Biliary  Excretion  of  [14C]p-Chloroaniline 

The  biliary  excretion  of  total  carbon-14  occurred  rapidly  after  intravenous  administration  of  [14C]p- 
chloroaniline  (Figure  H5).  Cumulative  recovery  accounted  for  25%  ± 2.7%  of  the  dose  after  6.0  hours 
of  collection.  High-performance  liquid  chromatographic  analysis  of  pooled  bile  extracts  revealed  only 
small  amounts  of  p-chloroaniline  (10%)  and  p-chloroacetanilide  (7%),  with  the  remainder  being 
unidentified  polar  metabolites. 


p-Chloroaniline  Hydrochloride,  NTP  TR  351 


252 


Percent  of  dose  (total 


FIGURE  H5.  BILIARY  EXCRETION  OF  CARBON-14  IN  F344  RATS  AFTER 
INTRAVENOUS  ADMINISTRATION  OF  [HC]p-CHLOROANILINE  (3  mg/kg) 
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APPENDIX  I 


AUDIT  SUMMARY 
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APPENDIX  I.  AUDIT  SUMMARY 


The  pathology  specimens,  experimental  data,  study  documents,  and  draft  NTP  Technical  Report  No. 
351  for  the  2-year  studies  of  p-chloroaniline  hydrochloride  in  rats  and  mice  were  audited  for  accuracy, 
consistency,  completeness,  and  compliance  with  the  Good  Laboratory  Practice  (GLP)  regulations  of 
the  Food  and  Drug  Administration  (fully  implemented  by  the  National  Toxicology  Program  [NTP]  be- 
ginning October  1, 1981).  The  studies  were  conducted  by  Battelle  Columbus  Laboratories  (Columbus, 
Ohio).  Dosing  of  animals  by  gavage  began  on  January  25,  1982,  for  rats  and  on  February  8,  1982,  for 
mice.  The  retrospective  audit  was  conducted  for  the  National  Institute  of  Environmental  Health  Sci- 
ences (NIEHS)  at  the  NTP  Archives  during  September,  October,  and  November  1987  by  Argus  Re- 
search Laboratories,  Inc.  The  complete  audit  report  is  on  File  at  the  NIEHS.  The  audit  included  a re- 
view of: 

(1)  All  records  concerning  animal  receipt,  quarantine,  randomization,  and  disposition  prior  to 
study  start. 

(2)  All  inlife  records  including  protocol,  correspondence,  animal  husbandry,  environmental  condi- 
tions, dosing,  external  masses,  mortality,  animal  identification,  and  serology. 

(3)  Body  weight  data  and  clinical  observation  data  for  a random  10%  sample  of  animals  in  each 
study  group. 

(4)  All  chemistry  records. 

(5)  All  postmortem  records  for  individual  animals  concerning  disposition  codes,  condition  codes, 
tissue  accountability,  correlation  of  masses  or  clinical  signs  recorded  at  the  last  inlife  observa- 
tion with  gross  observations  and  microscopic  diagnoses,  and  correlations  between  gross  obser- 
vations and  microscopic  diagnoses. 

(6)  All  wet  tissue  bags  for  inventory  and  wet  tissues  from  a random  20%  sample  of  rats  in  all  study 
groups,  plus  other  relevant  cases  to  verify  animal  identity  and  to  examine  for  untrimmed  po- 
tential lesions. 

(7)  Blocks  and  slides  of  tissues  from  a random  20%  sample  of  animals  from  each  study  group  to  ex- 
amine for  proper  match  and  inventory. 

(8)  All  red-lined  diagnoses  on  the  intermediate  pathology  table  to  verify  incorporation  of  changes 
in  the  final  tables. 

(9)  Correlation  between  the  data,  results,  and  procedures  for  the  2-year  studies  presented  in  the 
preliminary  Technical  Report  and  the  records  available  at  the  NTP  Archives. 

The  archival  records  documented  adequately  all  inlife  procedures  and  events  except  for  the  disposi- 
tion of  surplus  animals.  The  records  documented  the  preparation,  analysis,  and  administration  of 
doses.  A random  sample  of  group  mean  body  weights  was  recalculated  and  found  to  be  accurate.  Of 
the  external  masses  observed  inlife,  139/149  in  rats  and  211/212  in  mice  were  correlated  with  nec- 
ropsy observations.  The  date  of  death  recorded  at  necrospy  for  one  mid  dose  male  mouse  did  not  agree 
with  the  date  entered  into  the  computer  at  the  time  of  animal  removal;  survival  for  that  group  ap- 
peared to  be  28  rather  than  29  mice.  Clinical  signs  were  recorded  in  a generally  consistent  manner. 
Hematologic  and  clinical  chemical  data  were  not  audited. 

Review  of  the  pathology  specimens  showed  that  individual  animal  identifiers  (clipped  toes  and  ears) 
were  present  and  correct  in  the  tissue  bags  for  99/100  rats  and  87/95  mice  examined.  Followup  on  ani- 
mals with  less  than  complete  and  correct  identifiers  indicated  that  individual  animal  identity  had 
been  maintained.  The  audit  found  seven  untrimmed  potential  lesions  in  rats  (none  in  target  organs) 
and  none  in  mice.  All  gross  observations  made  at  necropsy  were  correlated  with  microscopic  observa- 
tions, except  for  one  in  one  rat.  Tissue  slides  and  blocks  were  inspected,  and  sections  matched  each 
other  properly.  All  diagnoses  on  intermediate  tables  had  been  incorporated  into  the  Final  pathology 
tables. 

Details  of  these  and  other  audit  findings  are  presented  in  the  audit  reports.  In  conclusion,  the  data 
and  results  presented  in  the  Technical  Report  for  the  2-year  gavage  studies  of  p-chloroaniline  hydro- 
chloride are  supported  by  the  records  at  the  NTP  Archives. 
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